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D scription 

BACKGROUND OF THE INVENTION 

Field of the Invention ^ 

[0001] This invention relates to a catheter and vascu- 
lar dilatation instrument for use in curing a stricture or 
stenosis portion inside a blood vessel by dilating the 
stricture for innproving blood flow to the peripheral side 
of the stricture. It also relates to a catheter intended to 
insert into fine blood vessels, for example, brain and 
heart vessels for curing and Inspection purposes. 

Prior Art 

[0002] For curing a stenosed vessel by arterial scle- 
rosis or the like, percutaneous transluminal coronary an- 
gioplasty (PTCA) has heretofore been practiced in the 
art wherein a catheter having a dilator at its distal end 
is inserted into the vessel until it reaches the stenosis 
and the dilator is inflated to dilate the stenosis for im- 
proving blood flow to the peripheral side thereof. 
[0003] Known catheters with a dilator include those of 
the over-the-wire type wherein a guide wire is movable ' 
bacl< and forth within a catheter as typified by that dis- 
closed in USP 4,323,071 and those of the on-the-wire 
type wherein a catheter Is fixed to a guide wl re as typified 
by that disclosed in USP 4,573,470. 
[0004] A further example of prior art catheters Is given 
in EP-A-0 437 795. The preamble of claim 1 reflects the 
disclosure of said document. 
[0005] The demand for introducing vascular dilatation 
Instruments into finer blood vessels is increasing year 
by year. There is a need for a vascular dilatation instru- 
ment which can be introduced into a finer or more pe- 
ripheral blood vessel. 

[0006] Cun-ently available are vascular dilatation In- 
struments and catheters of the over-the-wire and on- 
the-wire types both using a superelastic metal tube. 
These instruments are fully effective In transmitting 
translational and torsional forces (pushing force and 
torque) from the proximal end to the distal end of the 
instrument, 

[0007] However, vascular dilatation instnjmentsof the 
over-the-wire type can be folded at an angle where the 
superelastic metal tube temilnates, that is, near the dis- 
tal end of the superelastic metal tube. Vascular dilatation 
Instruments of the on-the-wire type suffer from a loss of 
flexibility at their distal portion because the tubular mem- 
ber is entirely formed of a superelastic metal tube. Al- 
though attempts were made to render the distal portion 
flexible, none of them succeeded in providing flexibility 
as available with resins probably because of the supere- 
lastic metal tube. 

[0008] Therefore, an object of the present invention Is 
to provide a novel and improved vascular dilatation In- 
strument which is effective for transmitting translational 



and torsional forces, which has a fully flexible distal por- 
tion and a highly stiff body portion, which prevents an- 
gular bending due to a change of physical properties at 
the interface between the stiff body portion and the flex- 
ible distal portion, and which is convenient to manipu- 
late. 

[0009] Conventional catheters to be inserted Into 
blood vessels, for example, angiographic catheters and 
catheters for administering medicament into vessels are 
made of relatively flexible thenmoplastic resins. One re- 
cent design includes a rigidity imparting member In the 
form of a metal wire (often a stainless steel wire) dis- 
posed around the catheter for preventing angular bend- 
ing or collapse of the catheter and improving torque 
transmission while maintaining a flexible state. 
[0010] With the recent advance of medical technolo- 
gy, it is now required to introduce a catheter into such a 
site as a smaller diameter vessel as found In the heart 
and brain. Diseases in cerebral vessels include aneu- 
rysm, arteriovenous malfonnation (AVM), and dual 
AVM. For inspection and treatment of such diseases, It 
is desired to have a catheter which can be inserted Into 
a finer blood vessel or more peripheral blood vessel site. 
[001 1 ] However, the above-mentioned catheter has a 
main body portion made of a synthetic resin tube, which 
must have a certain wall thicl<ness. It is thus inevitable 
that the outer diameter is increased by the extra wall 
thickness. Since the blood vessel Into which the catheter 
can be introduced is restricted by its outer diameter, the 
catheter could only be Introduced Into a blood vessel 
sufficiently larger than the outer diameter of the catheter. 
If the catheter Is made of a more rigid material, then the 
catheter as a whole is harder, leaving problems includ- 
ing the risk of the distal end causing damage to the ves- 
sel wall upon insertion and difficulty of insertion. 
[001 2] Therefore, another object of the present inven- 
tion is to provide a novel and Improved catheter which 
is reduced In wall thickness and hence, outer diameter 
and includes a fully flexible distal portion. 

SUIVIMARY OF THE INVENTION 

[0013] According to the present invention, there is 
provided a catheter as described in claim 1 . The cathe- 
ter may be a vascular dilatation instrument comprising 
an inner tube defining a first lumen extending between 
an open distal end and a proximal portion. An outertube 
Is disposed coaxially around the inner tube, has a distal 
end retracted a predetermined distance from the distal 
end of the inner tube and a proximal portion and defines 
a second lumen with the outside surface of the inner 
tube. An inflatable member or dilator has one end at- 
tached to the inner tube and another end attached to the 
outertube and defines an interior space in fluid commu- 
nication with the second lumen In the vicinity of the oth r 
end. A first opening is disposed in the proximal portion 
of the Inner tube in communication with the first lumen, 
and a second opening disposed in the proximal portion 
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of the outer tube in fluid communication with the second 
lumen. At least one of the inner tube and the outer tube 
includes a main body section made of a superelastic or 
pseudoelastic metal tube covered with a synthetic resin 
and a distal section made of a synthetic resin. The su- 
perelastic metal tube includes a defomnable distal zone 
which is more flexible than the remainder of the metal 
tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an overall, partially omitted, schemat- 
ic view of a vascular dilatation instrument according to 
one embodiment of the invention. 
[0015] FIG. 2 is an enlarged cross-sectional view of 
the distal portion of the instrument shown in FIG. 1 . 
[001 6] FIG. 3 is a cross section taken along lines A-A 
in FIG. 2. 

[001 7] FIG. 4 is a cross section taken along lines B-B 
In FIG. 2. 

[001 8] FIG. 5 is a cross section taken along lines G-C 
in FIG. 2. 

[0019] FIG. 6 is an enlarged cross-sectional view of 
the proximal portion of the instrument shown in FIG. 1 . 
[0020] FIGS.7.8,9,10,11 and 12 are enlarged cross- 
sectional views of modified distal portions of vascular 
dilatation instruments according to the invention. 
[0021] FIG. 13 is an overall, partially omitted, sche- 
matic view of a vascular dilatation instalment according 
to another embodiment of the Invention. 
[0022] FIG. 14 is an enlarged cross-sectional view of 
the distal portion of the instrument shown in FIG. 13. 
[0023] FIG. 1 5 Is a cross section taken along lines D-D 
in FIG. 14. 

[0024] FIG. 1 6 is an enlarged cross-sectlonal view of 
the proximal portion of the instrument shown in FIG. 1 3. 
[0025] FIG. 1 7 is an enlarged cross-sectional view of 
a modified distal portion of a vascular dilatation instru- 
ment according to the invention. 
[0026] FIG. 18 is an overall, partially omitted, cross- 
sectional view of a vascular dilatation instrument ac- 
cording to a further embodiment of the invention. 
[0027] FIG. 1 9 is an enlarged cross-sectional view of 
a portion of the instnjment shown in FIG. 18. 
[0028] FIGS. 20, 21 , 22, and 23 are enlarged cross- 
sectional views similar to FIG. 19, showing different ex- 
amples. 

[0029] FIG. 24 Is an overall, partially omitted, sche- 
matic view of a catheter according to a still further em- 
bodiment of the invention. 

[0030] FIG. 25 is a cross-sectional view of distal and 
proximal portions of the catheter shown in FIG. 24. 
[0031] FIG. 26 Is a partially cut-away perspective view 
of the distal portion of the catheter shown in FIG. 24. 
[0032] FIGS. 27, 28, 29, and 30 are partially cut-away 
perspective views of modified distal portions of the cath- 
eter. 

[0033] FIG. 31 Is an overall, partially omitted, cross- 
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sectional view of a catheter according to a stiti further 
embodiment of the invention. 

[0034] FIG. 32 is a partially cut-away perspective view 
of the distal portion of the catheter shown in FIG. 31 . 
5 [0035] FIG. 33 illustrates how to measure the modu- 
lus of elasticity of a catheter. 

DETAILED DESCRIPTION OF THE INVENTION 

10 [0036] The catheter and vascular dilatation instru- 
ment of the present invention is described with refer- 
ence to various embodiments shown in FIGS. 1 through 
23. 

[0037] In the first aspect, the vascular dilatation in- 

is strument is defined as comprising an Inner tube 5 defin- 
ing a first lumen 4 extending between an open distal end 
and a proximal portion; an outer tube 2 disposed coax- 
ially around the inner tube 5, having a distal end retract- 
ed a predetemnined distance from the distal end of the 

20 innertube and a proximal portion, and defining a second 
lumen 6 with the outside surface of the inner tube; an 
inflatable member or dilator 3 having one end attached 
to the innertube 5 and another end attached to the outer 
tube 2 and defining an interior space in fluid communi- 

25 cation with the second lumen 6 In the vicinity of the other 
end; a first opening 9 disposed in the proximal portion 
of the inner tube 5 in communication with the first lumen 
4; and a second opening 11 disposed in the proximal 
portion of the outer tube 2 in fluid communication with 

30 the second lumen 6. At least one of the Innertube 5 and 
the outer tube 2 includes a main body section based on 
a superelastic metal tube and a distal section made of 
a synthetic resin. The superelastic metal tube includes 
a defomnable distal zone which is more flexible than the 

35 remainder and Is provided with slits or perforations. 
[0038] Referring to FIGS. 1 to 6, there is illustrated a 
vascular dilatation instrument according to one embod- 
iment of the Invention. The instrument generally desig- 
nated at 1 comprises a main body including an inner 

40 tube 5, an outer tube 2, and a dilator 3 and a branch hub 
or adapter 20, 

[0039] The outer tube 2 of the vascular dilatation in- 
strument 1 includes a main body portion 2d including a 
superelastic metal tube 2b and a distal portion 2c made 

45 of a synthetic resin. The superelastic metal tube 2b in- 
cludes a distal zone which fomns a junction between the 
main body portion 2d and the distal portion 2c and is 
more flexible than the remainder of the metal tube. 
[0040] More particularly, the outer tube 2 includes the 

50 superelastic metal tube 2b and a synthetic resin tube 2a 
enclosing and covering the surface or the metal tube. 
The synthetic resin tube 2a protrudes beyond the distal 
end of the superelastic metal tube 2b where It fomns the 
distal portion 2c of the outer tube 2. 

55 [0041] As shown in FIG. 2 and FIG. 5 which is a C-C 
cross section of FIG. 2, the superelastic metal tube 2b 
includes a distal zone which is provided with slits 2e ex- 
tending from the distal end (left end in FIG. 2) toward 
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the proximal end. Provision of the slits 2e ensures that 
the distal zone of the superelastic metal tube 2b is a 
deformable zone which is more flexible than the remain- 
der. More particularly, the distal zone of the superelastic 
metal tube 2b is flexible in that Its side wali is deformable 5 
radially inward or outward. As shown in FIG. 2, each slit 
2e Is gradually decreased In width from the distal end 
toward the proximal end of the superelastic metal tube 
2b, or differently stated, gradually increased in width to- 
ward the distal end. The slit has the maximum width at 
the distal end of the metal tube 2b. Then as one goes 
toward the distal end, the superelastic metal tube 2b is 
more flexible and deformable and the side wall is more 
defomnable radially inward and outward. Preferably two 
to eight slits 2e are formed at approximately equal inter- 
vals. Also preferably, the slits 2e have a maximum width 
of about 0.05 to 0.5 mm at the distal end (as measured 
in a circumferential direction) and a length of about 1 00 
to 1 ,000 mm, especially about 1 50 to 500 mm {as meas- 
ured in a longitudinal direction). 
[0042] In the vascular dilatation instrument 1 of the 
illustrated embodiment, the superelastic metal tube 2b 
includes a distal zone which is tapered as shown in 
FIGS. 1 and 2. More particularly, the side wall defining 
the distal zone where the slits are formed Is bent radially 
inward. This tapered distal zone can be formed by work- 
ing the slit distal zone of the metal tube 2b to the con- 
figuration shown In FIG. 2. Alternatively, the synthetic 
resin tube 2a is molded or fitted over the metal tube 2b 
such that the outer diameter of that portion of the resin 
tube 2a surrounding the metal tube distal zone is re- 
duced. That is., the metal tube distal zone is defomried 
radially inward by the resin tube 2a. Then that portion of 
the resin tube 2a extending fonward (to the left in FIG. 
2) beyond the metal tube 2b has a smaller diameter than 
that portion of the resin tube 2a around the metal tube 
2b. Since the fonward or protruding portion 2c formed 
solely of the resin tube 2a has a smaller diameter than 
the main body portion including the metal tube 2b, it be- 
comes possible to insert the distal portion of the vascular 
dilatation instrument 1 into a vessel on a more peripheral 
side. Since the transition between the main body portion 
2d and the distal portion 2c of the outer tube 2 (which 
corresponds to the distal zone of the metal tube 2b) is 
tapered forward, insertion into a vessel is facilitated. 
[0043] Since the main body portion 2d of the outer 
tube 2 has the superelastic metal tube 2b, the vascular 
dilatation instrument 1 is effective in transmitting trans- 
lational and torsional forces from the proximal end to the 
distal end of the instrument, that is, improved in pusha- 
bility and torque transmission. The distal portion 2c 
made solely of synthetic resin has sufficient flexibility. 
The transition between the main body portion 2d and 
the distal portion 2c of the outer tube 2 (which corre- 
sponds to the distal zone of the metal tube 2b) is a more 
flexible defomnable portion and is effective in preventing 
acute bending at the interface between the relatively stiff 
main body portion and the relatively flexible distal por- 



tion. 

[0044] Typically the outer tube 2 has an outer diame- 
ter of about 0.6 to 2.8 mm, preferably 0.8 to 2.6 mm and 
an inner diameter of about 0.5 to 2.7 mm, preferably 0.6 
to 2.0 mm. The difference between the outer diameter 
of the inner tube 5 and the inner diameter of the outer 
tube 2 is about 0.05 to 1 .2 mm, preferably 0.1 to 1 .2 mm. 
The outer tube 2 has a wall thlcl<ness of about 0.05 to 
0.75 mm, preferably 0.07 to 0.3 mm. 
[0045] The superelastic or pseudoelastic metal tube 
2b is preferably made of a superelastic alloy. The su- 
perelastic alloys are generally known as shape memory 
alloys and exert' superelasticlty at the living body tem- 
perature (about 37°C) or higher. Preferred examples of 
the superelastic alloy include Ti-Ni binary alloys consist- 
ing essentially of 49 to 53 atom% of nickel and the bal- 
ance of titanium, Cu-Zn binary alloys consisting essen- 
tially of 38.5 to 41 .5% by weight of zinc and the balance 
of copper, Gu-Zn-X ternary alloys containing 1 to 10% 
by weight of X wherein X is Be, Si, Sn, Al or Ga, and Nl- 
Al binary alloys consisting essentially of 36 to 38 atom% 
of aluminum and the balance of nickel, with the Tl-Ni 
alloys being most preferred. Mechanical properties may 
be properly controlled by replacing part of Tl-Ni alloy by 
0.01 to 10.0 atom% of X to fomi Ti-Ni-X alloys wherein 
X is Co, Fe, Mn. Cr, V, Al, Nb, W or B or replacing part 
of Tl-Ni alloy by 0.01 to 30.0 atom% of X to fomn Ti-NI- 
X alloys wherein X is Cu, Pd or Zr and/or selecting the 
conditions of cold working and/or final heat treatment. 
By the temn "superelasticlty" it Is meant that when an 
alloy is deformed (bent, stretched or compressed) at 
service temperature to the extent where conventional 
metals undergo plastic deformation and then released 
from defomnation, the alloy resumes the original shape 
without a need for heating. 

[0046] Typically the superelastic metal tube 2b has an 
outer diameter of about 0.6 to 2.0 mm, preferably 0.8 to 
1 .6 mm, a wall thickness of about 50 to 200 ^im, prefer- 
ably 80 to 150 fxm, a length of about 500 to 4,000 mm, 
preferably 1 ,000 to 3,000 mm, a buckling strength (yield 
stress under load) of about 5 to 200 kg/mm^, preferably 
8 to 150 kg/mm2 at 22^*0, and a restoring stress (yield 
stress upon unloading) of about 3 to 1 80 kg/mm^, pref- 
erably 5 to 130 kg/him2 at 22«C. 
[0047] Slits or perforations are formed in the supere- 
lastic metal tube by any of conventional techniques in- 
cluding laser machining (e.g., YAG laser), electrte dis- 
charge machining, chemical etching, machining, and 
combinations thereof. 

[0048] For the synthetic resin tube 2a of the outer tube 
2, materials having a certain degree of flexibility are 
used, for example, thermoplastic resins such as poly- 
olefins (e.g., polyethylene, polypropylene, and ethyl- 
ene-propylene copolymers), polyvinyl chloride, ethyl- 
ene vinyl acetate copolymers, polyamide elastomers, 
and polyurethane, and silicone rubber. Preferred are the 
thennoplastic resins, especially polyolefins. That por- 
tion of the synthetic resin tube 2a surrounding and oov- 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 

ering the superelastic metal tube 2b preferably has a 
wall thickness of about 5 to 300 ^m, more preferably 1 0 
to 200 urn. 

[0049] The outside surface of the outer tube 2 (more 
specifically, the outside surface of synthetic resin tube 
2a) may be coated with a biocompatible, especially anti- 
thrombotic, resin. Preferred anti-thrombotic resins are 
poly(hydroxyethyl methacrylate) and hydroxyethyl 
methacrylate-styrene copolymers (e.g., HEMA-St-HE- 
MA block copolymers). 

[0050] Although part of the resin material of which the 
resin tube 2a is made may flow into the slits 2e in the 
superelastic metal tube 2b, it is preferred that the slits 
2e be substantially free of the resin material and empty 
In the absence of the resin materia! flowing Into the slits, 
deformation of the superelastic metal tube 2b is never 
obstructed. 

[0051] Alternatively, a heat-shrinkable tube may be 
used as the synthetic resin tube 2a of the outer tube 2. 
The heat-shrinkable tube used herein Is a tube which 
has an inner diameter larger than the outer diameter of 
the superelastic metal tube 2b prior to heating and thus 
allows the superelastic metal tube to be inserted there- 
through, but on heating, shrinks substantially unlfonnly 
over its entirety to come in close contact with the outside 
surface of the metal tube. Such a heat-shrinkable tube 
is preferably prepared by molding a resin into a tube 
having an innerdiameterequal to or slightly smallerthan 
the outer diameter of the superelastic metal tube, and 
expanding the tube over Its entirety so as to increase its 
diameter so that upon heating, it may shrink to a diam- 
eter equal to or substantially equal to the diameter as 
molded. The heat-shrinkable tube is made of the mate- 
rial which can be expanded, but shrinks upon heating 
as mentioned above, for example, polyolefins (e.g., pol- 
yethylene, polypropylene, and ethylene-propylene co- 
polymers), ethylene-vinyl acetate copolymers, and 
polyamlde elastomers. 

[0052] The inner tube 5 has an open distal end and 
defines the first lumen 4. The first lumen 4 longitudinally 
extends through the inner tube 5 for allowing a guide 
wire to be inserted into the tube and is in communication 
with the first opening 9 disposed in a branch hub 20 to 
be described later for defining a guide wire port. Typi- 
cally the inner tube 5 has an outer diameter of 0.40 to 
2.50 mm, preferably 0.55 to 2.40 mm and an inner di- 
ameter of 0.25 to 2.35 mm, preferably 0.30 to 1 .80 mm. 
[0053] Although the inner tube 5 has an identical di- 
ameter throughout its length in FIGS. 1 to 6, the distal 
portion of the inner tube 5 may be tapered or reduced 
in diameter toward the distal end because tapering fa- 
cilitates insertion of the vascular dilatation instmment in- 
to a vessel. 

[0054] For the Inner tube 5, materials having a certain 
degree of flexibility are used, for example, thermoplastic 
resins such as polyolefins (e.g., polyethylene, polypro- 
pylene, and ethylene-propylene copolymers), polyvinyl 
chloride, ethylene-vinyl acetate copolymers, polyamlde 
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elastomers, and polyurethane, and silicone rubber and 
latex rubber. Preferred are the themnoplastic resins, es- 
pecially polyolefins. 

[0055] The inner tube 5 is inserted through the outer 
5 tube 2 until the distal portion of the innertube 5 protrudes 
beyond the outer tube 2 as shown in FIG. 2. As best 
shown In FIG. 2 and FIG. 3 which is a A-A cross section 
of FIG, 2, the outside surface of the inner tube 5 defines 
the second lumen 6 with the inside surface of the outer 
tube 2. The second lumen 6 then longitudinally extends 
from near the distal portion to the proximal end and has 
a sufficient volume. The second lumen 6 Is In fluid com- 
munication on the distal side with the interior space of 
the inflatable member 3 and on the proximal side with 
the second opening 11 disposed In the branch hub 20 
for defining an injection port for injecting a fluid (for ex- 
ample, vasographic contrast liquid) for inflating the dila- 
tor 3. 

[0056] The inflatable member or dilator 3 is a contract- 
Ible or foldable sleeve membrane so that it may be fold- 
ed flat on the outside surface of the inner tube 5 in its 
deflated state. The inflatable member 3 includes a sub- 
stantially cylindrical portion 3a having an approximately 
uniform diameter at least a part of which is substantially 
cylindrical, when inflated, for dilating the stricture In a 
blood vessel and is foldable in close contact with the 
Inner tube 5 when deflated. The cylindrical portion 3a 
need not be completely cylindrical, but may be polygo- 
nal. The inflatable member 3 has one end 8 which Is 
secured In a liquid tight manner to the distal end of the 
outertube 2 by adhesion, fusion welding or the like and 
another end 7 which is similariy secured in a liquid tight 
mannerto the distal portion of the innertube 5. As shown 
in FIG. 4 which is a B-B cross section of FIG. 2, the In- 
flatable member3 defines an interior space 15 between 
Its inside surface and the outside surface of the inner 
tube 5 when inflated. The inflation interior space 15 is 
In fluid communication with the second lumen 6 at the 
one end 8 of the inflatable member 3 over its entire cir- 
cumference. Since the Inflatable member 3 at one end 
8 is in communication with the second lumen 6 having 
a relative large volume, it is easy to inject a fluid into the 
inflatable member 3 interior space through the second 
lumen 6. 

[0057] For the inflatable member 3, materials having 
flexibility and elasticity are used, for example, thermo- 
plastic resins such as polyolefins (e.g.. polyethylene, 
polypropylene, and ethylene-propylene copolymers], 
polyvinyl chloride, ethylene-vinyl acetate copolymers, 
crosslinked ethylene-vinyl acetate copolymers, poly- 
urethane, polyesters (e.g., polyethylene terephthalate), 
and polyamlde elastomers, and silicone rubber and la- 
tex rubber. Preferred are the thermoplastic resins, es- 
pecially crosslinked ethylene-vinyl acetate copolymers. 
[0058] The Inflatable member 3 includes tapered tran- 
sition portions between the cylindrical portion 3a and the 
opposed ends 7 and 8 attached to the inner and outer 
tubes 5 and 2, respectively. With respect to the dimen- 
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sions of the inflatable member 3, the cylindrical portion 
3a when inflated preferably has an outer diameter of 
about 1 .5 to 35.0 mm, more preferably 2.0 to 30.0 mm 
and a length of about 10.0 to 80.0 mm, more preferably 
16.0 to 75.0 mm. The inflatable member 3 preferably 5 
has an overall length of about 15 to 120 mm, more pref- 
erably 20 to 100 mm. 

[0059] Markers 14 are preferably provided on the out- 
side surface of the inner tube 5. More particularly, as 
shown in FIG. 2, the markers 14 are disposed at a po- 
sition rean/vard of and near the attachment between the 
dilator 3 and the inner tube 5 and a position forward of 
and near the attachment between the dilator 3 and the 
outer tube 2, that is, in alignment with the opposed ends 
of the cylindrical portion 3a. The markers 14 are made 
of a radiopaque material, for example, gold, platinum or 
alloys thereof. The provision of the markers 1 4 ensures 
easy location of the dilator 3 under radiological imaging. 
The markers 14 are preferably formed by fastening a 
ring of the above-mentioned metal around the innertube 
5 as by crimping whereby their clear radiographic imag- 
es are always obtained. 

[0060] In order to facilitate insertion of the vascular 
dilatation instrument 1 of the invention into a blood ves- 
sel or a guide catheter, the outer tube 2 and dilator 3 on 
their outside surface are preferably treated so that the 
outside surface may exhibit lubricity when contacted 
with blood or body fluid. Such treatments include coating 
and fixation of hydrophillc polymers such as poly(2-hy- 
droxyethyl methacrylate), poly(hydroxyethyl acrylate), 
hydroxypropyl cellulose, methyl vinyl ether-maleic an- 
hydride copolymers, polyethylene glycol, polyacryla- 
mide, and polyvinyl pyrrolidone. 
[0061] As shown in FIGS. 1 and 6, the branch hub or 
adapter 20 is attached to the proximal end of the instru- 
ment. The branch hub 20 includes fixedly mated inner 
and outer hub segments 22 and 23. The inner hub seg- 
ment 22 is fixedly connected to the innertube 5 and has 
the first opening 9 In communication with the first lumen 
4 and fomiing a guide wire port. The outer hub segment 
23 is fixedly connected to the outer tube 2 (which is a 
composite body of synthetic resin tube 2a and supere- 
iastic metal tube 2b) and has the second opening 11 in 
communication with the second lumen 6 and fomiing an 
Injection port, 

[0062] The branch hub 20 is made of thermoplastic 
resins such as polycarbonates, polyamides, polysul- 
fones, polyarylates, and methacrylate-butylene-styrene 

copolymers. 

[0063] The branch hub 20 is configured as shown in 
FIG. 6 in which the left-hand side Is proximal or rear. An 
anti-flection sleeve 50 is fitted over the outer tube 2a at 
the proximal end. The sleeve 50 is fomried from a heat- 
shrinkable material and set in place by molding it into a 
tubular sleeve such that its inner diameter may be slight- 
ly smaller than the outer diameter of the outer tube 2 
after heat shrinkage, fitting the sleeve over the outer 
tube 2 from the proximal end, and heating (by blowing 
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hot air) the sleeve for shrinkage fit over the outer tube 
2. The anti-flection sleeve 50 is fixedly secured to the 
outer hub segment 23 by a locking member 52, More 
particularly, the locking member 52 includes a cylindrical 
portion having an outer diameter substantially equal to 
the inner diameter of the outer tube 2 and a flared rear 
portion. The locking member 52 is inserted into the outer 
tube 2 until the flared portion abuts the edge of the outer 
tube 2. Then the outer tube 2 is inserted into a bore of 
the outer hub segment 23 until the locking member 
flared portion reaches a recess defined in the bore of 
the outer hub segment 23 by an annular hump 53. An 
adhesive may be applied to the outside surface of the 
sleeve 50 to be in contact with the outer hub segment 
23, thereby achieving a fimn joint therebetween. Note 
that the locking member 52 has a larger inside diameter 
than the inner tube or is a split one. The outer hub seg- 
ment 23 is preferably made of thermoplastic resins such 
as polycarbonates, polyamides, polysulfones, polyar- 
ylates, and methacrylate-butylene-styrene copolymers. 
[0064] Anotheranti-flection sleeve 60 is fitted overthe 
inner tube 5 at the proximal end. The sleeve 60 is f omied 
from a heat-shrinkable material and set in place by 
molding it into a tubular sleeve such that its inner diam- 
eter may be slightly smaller than the outer diameter of 
the inner tube 5 after heat shrinkage, fitting the sleeve 
overthe innertube 5 from the proximal end, and heating 
(by blowing hot air) the sleeve for shrinkage fit over the 
inner tube 5. The inner tube 5 with anti-flection sleeve 
60 is fixedly secured to the Inner hub segment 22. This 
attachment is assisted by a locking member 62. More 
particularly, the locking member 62 includes acylindrical 
portion having an outer diameter substantially equal to 
the inner diameter of the inner tube 5 and a flared rear 
portion. The locking member 62 is inserted into the Inner 
tube 5 until the flared portion abuts the edge of the inner 
tube 5. Then the inner tube 5 is inserted into a bore of 
the inner hub segment 22 until the locking member 
flared portion reaches a recess defined in the bore of 
the inner tube hub 22 by an annular hump 63. An adhe- 
sive may be applied to the outside surface of the sleeve 
60 to be in contact with the inner hub segment 22, there- 
by achieving a fimn joint therebetween. The inner hub 
segment 22 is preferably made of themnoplastic resins 
such as polycarbonates, polyamides, polysulfones, pol- 
yarylates, and methacrylate-butylene-styrene copoly- 
mers. 

[0065] The inner and outer hub segments 22 and 23 

are engaged as shown in FIG. 6. This engagement is 
achieved by attaching the outer hub segment 23 to the 
proximal end of the outertube 2, attaching the inner hub 
segment 22 to the proximal end of the inner tube 5, In- 
serting the innertube 5 from Its distal end into the bore 
of the outer hub segment 23 at the proximal end until 
the Inner hub segment 22 contacts the outer hub seg- 
ment 23, and tightly coupling the inner and outer hub 
segments 22 and 23. At this point, an adhesive may be 
applied to the interface between the inner and outer hub 
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segments 22 and 23 to fornn a firm joint. 
[0066] Instead of the branch hub 20, tubing sections 
each having a port member defining an opening at a 
proximal end may be liquid-tightly attached to the first 
and second lumens, respectively. 
[0067] The structure of the outer tube 2 is not limited 
to that shown in FIG. 2. Another exemplary structure of 
the outertube is shown in FIG. 7. Unlike the embodiment 
of FIG. 2, a vascular dilatation instrument 30 of this em- 
bodiment includes an outertube 2 having a substantially 
identical outer diameter over its entirety. The outertube 
2 includes a superelastic metal tube 2b having slits 2e 
formed at a distal zone thereof as in FIG. 2, but having 
an identical width while extending parallel from the distal 
end toward the proximal side. Preferably two to eight 
slits 2e arefonned at substantially equal intervals. The 
slits 2e preferably have a circumferential width of about 
0.05 to 0.5 mm and a length of about 50 to 200 mm. 
[0068] In the vascular dilatation instrument 30 of this 
embodiment, the inner tube 5 further includes a rigidity 
imparting member or reinforcement 1 3 which is effective 
for preventing flection of the instrument main body at the 
distal portion and enhancing the torque property of the 
instrument main body. The reinforcement 13 preferably 
extends from the proximal end of the I nner tube 5 to near 
the distal end of the outer tube 2. If desired, the rein- 
forcement 13 extends throughout the length of the inner 
tube 5. 

[0069] The reinforcement 13 is preferably in the form 
of a network reinforcement. The network reinforcement 
is preferably formed of a braided wire of stainless steel, 
elastic metal, superelastic or pseudoetastic alloy, shape 
memory alloy or the like, having a diameter of about 0.01 
to 0.2 mm, especially 0.03 to 0.1 mm. By wrapping such 
a metal wire around the inner tube 5, a reinforcement is 
formed. More preferably, a reinforced inner tube is pre- 
pared by molding an inner tube from a thermoplastic res- 
in, wrapping a metal wire around the inner tube, and 
passing the tube through a heating die (while externally 
heating the tube) for thereby burying the wire In the Inner 
tube wall. 

[0070] Alternatively, the reinforcement may be formed 
by wrapping around the inner tube 5 a braided strand of 
synthetic filaments such as polyamide, polyester and 
polypropylene filaments. It is also possible that not only 
the inner tube, but also the outertube be provided with 
such reinforcement. 

[0071] A further exemplary structure of the outer tube 
is shown in FIG. 8. Unlike the embodiment of FIG. 2, a 
vascular dilatation instrument 35 of this embodiment in- 
cludes an outer tube 2 having a substantially identical 
outer diameter over its entirety. The outer tube 2 in- 
cludes a superelastic metal tube 2b. The metal tube 2b 
is cut at an angle with respect to its axis. That is, the 
metal tube 2b has a beveled distal zone which is more 
flexible and deformable than the remainder. The cutting 
angle Is preferably from about 5"* to 45*^. 
[0072] FIG. 9 Illustrates a vascular dilatation instru- 
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ment according to a further embodiment of the inven- 
tion. 

[0073] The basic construction of this embodiment is 
the same as that shown in FIGS. 1 to 6 and like parts 
5 are designated by the same numerals as in FIGS. 1 to 
6. The difference is the shape of slits in the superelastic 
metal tube of the outertube. More particularty, the vas- 
cular dilatation instrument 36 of this embodiment in- 
cludes an outer tube 2 which includes a synthetic resin 
tube 2a and a superelastic metal tube 2b having a distal 
zone where a spiral slit 2e is formed. The provision of 
spiral slit 2e makes the distal zone of the metal tube 2b 
more flexible and bendable than the remainder. The 
flexible distal zone of the metal tube 2b is effective for 
reducing the difference In physical properties between 
the superelastic metal tube 2b and the synthetic resin 
tube 2a for providing a smoother transition, thereby pre- 
venting separation and differential motion therebe- 
tween. The instrument is more smooth and convenient 
to manipulate. In the vascular dilatation Instrument 36 
of this embodiment, the synthetic resin tube 2a Is pro- 
vided not only on the outside surface, but also on the 
Inside surface of superelastic metal tube 2b. Although 
resin coverage only on the metal tube outside surface 
is satisfactory, double coverage prevents the risk of the 
slit edge (or spiral tums) of the metal tube causing dam- 
age to the inner tube. 

[0074] The spiral slit 2e In the superelastic metal tube 
2b has a width as measured in an axial direction of the 
tube. The slit width is not fixed since It Is detemiined in 
consideration of the outer diameter of the outer tube or 
the like. The slit width Is preferably 0.1 to 1 ,5 mm, more 
preferably 0,5 to 1 .0 mm. In other words, the slit width 
Is preferably about 1/6 to 3/2, more preferably 1/3 to 1/1 
of the outer diameter of the metal tube. Within this range, 
the distal portion of the metal tube is fully flexible and 
not broken during operation. The spiral slit 2e has a pitch 
between adjacent turns. Where the spiral slit 2e has a 
constant pitch, the pitch is preferably about 0.3 to 2.0 
mm, more preferably 0.5 to 1 .0 mm because within this 
range, the metal tube distal zone is fully flexible and not 
broken during operation. The extent of the distal zone 
of the metal tube where the slit Is formed Is detennined 
by taking into account the length of the Instmmentorthe 
like. Typically the slit is fomned in a distal region of the 
metal tube which extends about 100-1 ,000 mm, prefer- 
ably 150-500 mm from the distal edge thereof. 
[0075] In another example and preferably, the spiral 
slit 2e is fornied at increasing pitches. As shown in FIG. 
9, the slit pitch is shorter at the distal end (left-hand side) 
and longer at the proximal end (right-hand side). Then 
the superelastic metal tube 2b distal zone becomes 
more flexible toward its distal end. Such a gradual 
change of physical properties ensures smoother bend- 
ing of the metal tube distal zone and easier manipulation 
of the instrument. Where the slit has a varying pitch, the 
pitch is preferably about 0.3 to 3.0 mm at the distal end 
and about 5 to 1 0 mm at the proximal end, and an inter- 
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mediate value at an intermediate region. It is also ac- 
ceptable that the pitch be continuously increased from 
the distal end to the proximal end. Within this range, the 
metal tube distal zone is fully flexible and not broken 
during operation . A single spiral slit is formed In the em- s 
bodiment of FIG. 9 although two or more slits may be 
formed. 

[0076] FIG. 1 0 shows another example of the slit. The 
vascular dilatation instrument 37 of this embodiment 
has the same basic construction as the embodiments of 
FIGS. 1 to 6 and FIG. 9 and like parts are designated 
by the same numerals. The difference of the instrument 
37 of this embodiment from the instruments of the pre- 
vious embodiments resides in the configuration of the 
sirt 2e in the superelastic metal tube 2b of the outer tube 
2. 

[0077] In the vascular dilatation instrument 37, the su- 
perelastic metal tube 2b is provided with a spiral slit 2e 
having a width which is greater at the distal end and 
smaller at the proximal end of the distal zone. The slit 
width is reduced from the distal end toward the proximal 
end. Then the metal tube becomes more flexible toward 
the distal end, ensuring smoother bending of the metal 
tube distal zone and easier manipulation of the instru- 
ment. 

[0078] Although the slit width is determined in consid- 
eration of theouter diameter of the outer tube or the like, 
it Is preferably about 1 .0 to 2.0 mm at the distal end and 
about 0.1 to 0.5 mm at the proximal end. The slit width 
Is preferably about one-half to twice the outer diameter 
of the metal tube. Within this range, the metal tube distal 
zone is fully flexible and not broken during operation. In 
an intermediate region between the distal end and slit 
temninus. the slit width may have an intennediate value 
or be gradually decreased from the distal end to the slit 
terminus. The pitch of the slit 2e may be fixed or de- 
creased continuously or stepwise from the distal end to- 
ward the proximal end. The extent of the distal zone of 
the metal tube where the slit is formed is determined by 
taking into account the length of the instnjment or the 
like. Typically the slit is fomried in a distal region of the 
metal tube which extends about 100-1 ,000 mm, prefer- 
ably 150-500 mm from the distal edge thereof. A single 
spiral slit is fonned in the embodiment of FIG. 10 al- 
though two or more slits may be fonned. 
[0079] Although part of the resin material of which the 
resin tube 2a is made may flow into the slits 2e in the 
superelastic metal tube 2b, it is preferred that the slits 
2e be substantially free of the resin material and empty. 
In the absence of the resin material flowing into the slits, 
defomnation of the superelastte metal tube 2b is never 
obstructed. 

[0080] FIG. 1 1 shows a vascular dilatation Instrument 
according to a further embodiment of the invention. The 
vascular dilatation instrument 38 of this embodiment 
has the same basic construction as the embodiment of 
FIGS. 1 to 6 and like parts are designated by the same 
numerals. The difference of the instrument 38 of this em- 
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bodiment from the instrument 1 of the previous embod- 
iment resides in the construction of the outer tube 2. In 
the instrument 38, the outer tube 2 includes a supere- 
lastic metal tube 2b and a synthetic resin tube covering 
both the outside and inside surfaces of the metal tube 
2b which Includes a main portion 2f covering the metal 
tube 2b and a distal portion 2g extending forward from 
the distal end of the portion 2f . The junction of the main 
portion 2f to the distal portion 2g is tapered such that 
the outer diameter is reduced toward the distal end. 
[0081 ] The superelastic metal tube 2b in a distal zone 
is provided with a plurality of perforations 2e so that the 
metal tube distal zone is flexible and bendable. the flex- 
ible distal zone of the metal tube 2b reduces the differ- 
ence In physical properties between the metal tube 2b 
and the resin tube 2f , thereby preventing separation and 
differential motion therebetween and enhancing manip- 
ulation of the instrument. 

[0082] The diameter of perforations 2e is not fixed 
since it is detemnined in accordance with the number of 
perforations, the outer diameter of metal tube and the 
like. Typically the perforations 2e have a diameter of 
about 0.1 to 0.4 mm, preferably 0.2 to 0.3 mm. The pore 
diameter is preferably about 1/10 to 1/3 of the outer di- 
ameter of the metal tube. Within this range, the metal 
tube distal zone is fully flexible and not broken during 
operation. The perforations 2e are preferably spaced a 
distance of about 0.1 to 0.5 mm. Within this range, the 
metal tube distal portion is fully flexible and not broken 
during operation. The extent of the distal zone of the 
metal tube where the perforations are fonned is deter- 
mined by taking into account the length of the instrument 
or the like. Typically the perforations are fonned in a dis- 
tal region of the metal tube which extends about 
100-1 ,000 mm, preferably 150-500 mm from the distal 
edge thereof. 

[0083] With respect to the shape, the pertorations 
need not be true circle and may be ellipsoidal, for ex- 
ample, oval holes elongated in a circumferential or axial 
direction of the metal tube or polygonal such as square 
or pentagonal holes. Each perforation preferably has an 
area of about 0.007 to 0.13 mm^. 
[0084] As shown in FIG. 1 1 , more perforations 2e are 
distributed near the distal end than near the proximal 
end of the perforated zone. Then the superelastic metal 
tube 2b becomes more flexible toward the distal end. 
Such a gradual change of physical properties ensures 
smoother bending of the metal tube distal zone and 
more convenient manipulation of the instrument. More 
specifically, the number of perforations 2e is gradually 
increased from the proximal end to the distal end of the 
pertorated zone as shown in FIG. 11 . Then the supere- 
lastic metal tube 2b becomes more flexible toward the 
distal end, ensuring smoother bending of the metal tube 
distal zone and easier manipulation of the instrument. 
Where the perforation distribution is varied in this way, 
the spacing between perforations is about 0.1 to 0.2 mm 
at the distal end and about 0.3 to 0.5 mm at the proximal 
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end. In an intermediate region between the distal and 
proximal ends, the spacing between perforations has an 
intemnediate value or is gradually varied. 
[0085] Instead of the varying perforation distribution, 
the diameter or area of perforations may be varied such 
that the diameter or area Is greater near the distal end 
than near the proximal end of the perforated zone. 
[0086] Although part of the resin material of which the 
resin tube portion 2f is made may flow Into the pertora- 
tions 2e In the superelastic metal tube 2b, It is preferred 
that the perforations 2e be substantially free of the resin 
material and void. In the absence of the resin material 
flowing into the perforations, defomnatlon of the metal 
tube 2b is never obstructed. 

[0087] FIG. 1 2 shows a vascular dilatation Instrument 
according to a further embodiment of the invention. The 
vascular dilatation instrument 39 of this embodiment 
has the same basic construction as the embodiment of 
FIGS. 1 to 6 and like parts are designated by the same 
numerals. The difference of the Instrument 39 of this em- 
bodiment from the instrument 1 of the previous embod- 
iment resides In the construction of the outer tube 2. in 
the instrument 39, the outer tube 2 includes a synthetic 
resin tube 2a and a superelastic metal tube 2b including 
a distal zone which is tapered and provided with a spiral 
slit 2e. The provision of spiral slit 2e allows the metal 
tube distal zone to flex more softly. The distal zone of 
the metal tube is tapered such that the outer diameter 
Is reduced toward the distal end. Such a tube can be 
prepared by forming a tube having a tapered end portion 
from superelastic metal and machining a slit in the ta- 
pered portion. The tube having a tapered end portion 
can also be prepared by machining a spiral slit in one 
end portion of a metal tube of a fixed diameter and axl- 
ally stretching the slit portion. Alternatively, the tube hav- 
ing a tapered end portion can be prepared by machining 
a spiral slit in one end portion of a metal tube of a fixed 
diameter and twisting the silt portion such that it is re- 
duced in diameter toward the distal end. 
[0088] The synthetic resin tube 2a surrounding and 
covering the outside surface of the superelastic metal 
tube having a tapered end portion is preferably a heat- 
shrinlcable tube as previously mentioned. 
[0089] Moreover, the spiral slit 2e is fonmed at such a 
pitch that the pitch is shorter at the distal end and longer 
at the proximal end of the slit region as shown in FIG. 
12. Also preferably, the slit pitch Is gradually increased 
from the distal end to the proximal end of the slit region 
as shown in FIG. 12. 

[0090] The slit width Is not fixed since it is detennined 
in accordance with the outer diameter of the outer tube 
or the like. The slit width is preferably about 0.1 to 1 .5 
mm, more preferably 0.5 to 1 .0 mm. In other words, the 
slit width is preferably about 1/6 to 3/2, more preferably 
about 1/3 to 1/1 of the outer diameter of the metal tube. 
Within this range, the metal tube distal zone is fully flex- 
ible and not broken during operation. Where the spiral 
slit 2e has a constant pitch, the pitch is preferably about 
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0.3 to 2.0 mm, more preferably 0.5 to 1 .0 mm because 
within this range, the metal tube distal zone Is fully flex* 
ible and not broken during operation. Where the slit has 
a varying pitch, the pitch is preferably about 0.5 to 3.0 
5 mm at the distal end and about 5 to 1 0 mm at the prox- 
imal end of the silt zone and an Intermediate value at an 
intemnediate region. It Is also acceptable that the pitch 
becontinuously increased fromthe distal endtowardthe 
proximal end. Within this range, the metal tube distal 
10 zone is fully flexible and not broken dunng operation. 
The extent of the distal portion of the metal tube where 
the slit IS fonned is detennined by taking Into account 
the length of the instrument or the like. Typically the slit 
is formed in a distal region of the metal tube which ex- 
tends 100-1,000 mm, preferably 150-500 mm from the 
distal edge thereof. A single spiral slit is fonned In the 
embodiment of FIG. 12 although two or more slits may 
be formed. 

[0091] Referringto FIGS. 13through 16, there Is illus- 
trated a vascular dilatation instrument according to a fur- 
ther embodiment of the invention. The instrument gen- 
erally designated at 41 in this embodiment is different 
from the Instrument shown in FIGS. 1 through 6 In that 
a superelastic metal tube is included in an inner tube. 
[0092] in the Instrument 41 of this embodiment, as 
shown in FIG. 13 and FIG. 14 which is an enlarged 
cross-sectional view of a distal portion of the instrument 
and FIG. 15 which is a D-D cross section of FIG. 14. the 
inner tube 5 Includes a superelastic metal tube 5b and 
a synthetb resin tube 5a covering the inside surface of 
the metal tube. The synthetic resin tube 5a protrudes 
beyond the distal end of the metal tube 5b to fonn a distal 
section 5c. The superelastic metal tube 5b is provided 
with a plurality of slits 5e extending from the distal end 
toward the proximal end thereof. The provision of slits 
5e makes the distal zone of the metal tube more flexible 
than the remainder. 

[0093] As shown in FIG. 14, the triangular slits 5e are 
gradually decreased In width from the distal end toward 
the proximal end of the superelastic metal tube 5b, or 
differently stated, gradually increased in width toward 
the distal end. The silt has the maximum width at the 
distal end of the metal tube 5b. Then as one goes toward 
the distal end, the superelastic metal tube 5b Is more 
flexible and defomiable and the side wall Is more de- 
formable radially inward and outward. Preferably two to 
eight slits 5e are fonned at approximately equal inter- 
vals. Also preferably, the slits 5e have a maximum width 
of about 0.05 to 0.5 mm at the distal end (as measured 
in a circumferential direction) and a length of about 50 
to 200 mm (as measured In a longitudinal direction). 
[0094] Also the distal portion of the metal tube is not 
limited to the shape shown in FIG. 14 while either a distal 
zone with parallel slits of fixed width as shown in FIG. 7 
or a beveled distal zone as shown in FIG. 8 may be em- 
ployed. 

[0095] The vascular dilatation instrument 41 of this 
embodiment includes an outertube 2 having an identical 
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outerdiameter throughout its length. If desired, the outer 
tube 2 may be provided with a distal portion having a 
smaller diameter than the remainder as in the embodi- 
ment of FIG. 1 . The outer tube 2 may be either a syn- 
thetic resin tube or a composite body of synthetic resin s 
tube and super-elastic metal tube. 
[0096] As shown in FIGS. 1 3 and 1 6, a branch hub or 
adapter 20 is attached to the proximal end of the instru- 
ment. The branch hub 20 includes fixedly mated Inner 
and outer hub segments 22 and 23. The inner hub seg- 
ment 22 is fixedly connected to the inner tube 5 (which 
is a composite body of synthetic resin tube 5a and su- 
pereiastic metal tube 5b) and has a first opening 9 in 
communication with the first lumen 4 and forming a 
guide wire port. The outer hub segment 23 Is fixedly con- 
nected to the outer tube 2 and has a second opening 1 1 
in communication with the second lumen 6 and forming 
an injection port. 

[0097] Although part of the resin material of which the 
resin tube 5a is made may flow into the slits 5e in the 
supereiastic metal tube 5b, it is preferred that the slits 
5e be substantially free of the resin material and void. 
In the absence of the resin material flowing into the slits, 
defomriation of the metal tube 5b is never obstmcted. 
[0098] The remaining components are substantially 
the same as in the instrument 1 of the first embodiment. 
[0099] FIG. 17 illustrates a vascular dilatation instru- 
ment according to a further embodiment of the inven- 
tion. The basic construction of this embodiment is the 
same as that shown in FIGS. 1 3 to 1 6 and like parts are 
designated by the same numerals as in FIGS. 13 to 16. 
The difference is the shape of slits in the supereiastic 
metal tube of the inner tube. More particularly, the vas- 
cular dilatation instrument 45 of this embodiment In- 
cludes an inner tube 5 which includes a synthetic resin 
tube 5a and a supereiastic metal tube 5b having a distal 
zone where a spiral slit 5e is fonned. The provision of 
spiral slit 5e makes the distal zone of the metal tube 5b 
more flexible and bendable. The flexible distal zone of 
the metal tube 5b Is effective for reducing the difference 
in physical properties between the supereiastic metal 
tube 6b and the synthetic resin tube 5a, thereby prevent- 
ing separation and differential motion therebetween. 
The instrument is more smooth and easy to manipulate. 
[0100] The slit width is not fixed since it is detennined 
in consideration of the outer diameter of the outer tube 
or the like. The slit width is preferably about 0.1 to 1 .5 
mm, more preferably 0.5 to 1 .0 mm. The slit width is pref- 
erably about 1/6 to 3/2, more preferably 1/3 to 1/1 of the 
outer diameter of the metal tube. Within this range, the 
metal tube distal zone is fully flexible and not broken 
during operation. Where the spiral slit 5e has a constant 
pitch, the pitch Is preferably about 0.2 to 2.0 mm, more 
preferably 0.3 to 0.5 mm because within this range, the 
metal tube distal zone is fully flexible and not broken 
during operation. The extent of the distal portion of the 
metal tube where the slit is formed is determined by tak- 
ing into account the instrument length or the like. Typi- 
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cally the slit is fonmed in a distal region of the metal tube 
which extends about 1 00-1 ,000 mm , preferably 1 50-500 
mm from the distal edge thereof. 
[0101] in a preferred example, the spiral slit 5e is 
formed at increasing pitches. As shown in FIG. 17, the 
slit pitch is shorter at the distal end (left-hand side) and 
longer at the proximal end (right-hand side) of the distal 
zone. Then the supereiastic metal tube 5b becomes 
more flexible toward the distal end. Such a gradual 
change of physical properties ensures smoother bend- 
ing of the metal tube distal zone and easier manipulation 
of the instrument. Where the slit has a varying pitch, the 
pitch is preferably about 0.3 to 2.0 mm at the distal end 
and about 5 to 1 0 mm at the proximal end of the slit zone, 
and an Intermediate value at an intermediate region. It 
is also acceptable that the pitch be continuously in- 
creased from the distal end toward the proximal end. 
Within this range, the metal tube distal zone is fully flex- 
ible and not broken during operation. A single spiral slit 
is fonned in the embodiment of FIG. 1 7 although two or 
more slits may be fonned. 

[01 02] The slit 5e may have another shape, for exam- 
pie, a spiral slit whose width is greater at the distal end 
than at the proximal end as found in the instrument 37 
shown In FIG. 10. Instead of the slit, perforations may 
be provided as in the embodiment of FIG. 11 . 
[0103] FIG. 18 illustrates in a schematic cross-sec- 
tional view a vascular dilatation instrument according to 
the second aspect of the Invention. 
[0104] The vascular dilatation instrument generally 
designated at 81 is Illustrated as comprising a tubular 
member 82 defining a lumen 90 therethrough and hav- 
ing an opening in fluid communication with the lumen 
90. a leading head 87, and an inflatable member 83 hav- 
ing one end 83b attached to the tubular member 82 and 
another end 83a attached to the leading head 87 and 
defining an interior space in fluid communication with 
the lumen 90 through the opening. The tubular member 
82 includes a main body section 82d based on a supere- 
iastic metal tube 82b and a distal section 82c made of 
a synthetic resin. The supereiastic metal tube 82b in- 
cludes a defomnable distal zone which Is more flexible 
than the remainder. 

[0105] In the enlarged view of FIG. 19 is shown the 
transition between the main and distal sections 82d and 
82c of the tubular member 82. 
[0106] The vascular dilatation instrument 81 includes 
a main body including a tubular member 82, a dilator 83, 
an elastic core 84, and a leading head 87 and a hub or 
adapter 91 . 

[0107] in the instrument 81 . the tubular member 82 
includes a main body section 82d consisting of a supere- 
iastic metal tube 82b and a synthetic resin tube and a 
distal section 82c consisting of the synthetic resin tube. 
The transition between the main body section 82d and 
the distal section 82c which corresponds to a distal zone 
of the supereiastic metal tube 82b is a defonnable zone 
which is more flexible than the remainder of the metal 
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tube. 

[0108] More particularly, the tubular member 82 in- 
cludes the superelastic metal tube 82b and the synthetic 
resin tube 82a surrounding and covering the outside 
surface of the metal tube 82b in the main body section. 
The synthetic resin tube 82a protrudes beyond the distal 
end of the superelastic metal tube 82b to f omi the distal 
section 82c of the tubular member 82. 
[0109] As shown in FIG. 18 and FIG. 19 which is an 
enlarged cross-sectional view of the transition between 
the main and distal sections 82d and 82c, the supere- 
lastic metal tube 82b in a distal zone is provided with a 
plurality of slits 82e extending from the distal end toward 
the proximal end. The provision of slits 82e makes the 
distal zone of the metal tube more flexible than the re- 
mainder. As shown in FIG. 19, the slits 82e are gradually 
decreased in width from the distal end to the proximal 
end of the distal zone of the superelastic metal tube 82b, 
or differently stated, gradually increased in width toward 
the distal end. The slit has the maximum width at the 
distal end of the metal tube 82b. Then as one goes to- 
ward the distal end, the superelastic metal tube 82b is 
more flexible and deformable and the side wall is more 
defomiable radially inward and outward. Preferably two 
to eight slits 82e are fomned at approximately equal In- 
tervals. Also preferably, the slits 82e have a maximum 
width of about 0.05 to 0.5 mm at the distal end and a 
length of about 50 to 200 mm. 
[0110] In the vascular dilatation instrument 81 of the 
Illustrated embodiment, the superelastic metal tube 82b 
includes the distal zone which is tapered as shown in 
FIGS. 18 and 19. More particularly, the side wall defining 
the distal zone where the slits are formed is bent radially 
inward. This tapered distal zone can be fomned by work- 
ing the slit distal zone of the metal tube 82b to the con- 
figuration shown in FIG. 19. Alternatively, the synthetic 
resin tube 82a is molded or fitted over the metal tube 
82b such that the outer diameter of that portion of the 
resin tube 82a sun^ounding the metal tube distal zone is 
reduced. That is, the metal tube distal zone is defomried 
radially inward by the resin tube 82a. Then that portion 
of the resin tube 82a extending fonA^ard (leftward in 
FIGS. 18 and 19) beyond the metal tube 82b has a 
smaller diameter than that portion of the resin tube 82a 
around the metal tube 82b. Since the distal or protruding 
portion 82c fomied solely of the resin tube 2a has a 
smaller diameter than the main body portion including 
the metal tube 82b, It becomes possible to insert the dis- 
tal portion of the vascular dilatation instrument 81 into a 
vessel on a more peripheral side. Since the transition 
between the main body section 82d and the distal sec- 
tion 82c of the tubular member 82 (which corresponds 
to the distal end of the main body section 82d) is tapered 
forward, Insertion into a vessel is facilitated. 
[0111] Since the main body section 82d of the tubular 
member 82 has the superelastic metal tube, the vascu- 
lar dilatation instrument 81 is effective for transmitting 
the translational and torsional forces from the proximal 
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end to the distal end of the instrument, that is, improved 
in pushabllity and torque transmission. The distal sec- 
tion 82c made of synthetic resin has sufficient flexibility. 
The transition between the main body section 82d and 

5 the distal section 82c of the tubular member 82 (which 
con^esponds to the distal end of the superelastic metal 
tube 82b) is a more flexible, defomiable zone and is ef- 
fective In preventing angular bending at the Interface be- 
tween the rigid main body section and the flexible distal 

10 section. 

[0112] The tubular member 82 is disposed coaxial 
with and around the elastic core or shaft 84 and includes 
the distal section 82c which terminates at a position re- 
tracted a predetennined distance from the distal end of 
15 the shaft 84. 

[0113] The tubu lar member 82 includes the main body 
section 82d consisting of the superelastic metal tube 
82b and the synthetic resin tube 82a surrounding and 
covering the outside surface of the metal tube 82b and 
the distal section 82c consisting solely of the synthetic 
resin tube 82a. Differently stated, the tubular member 
82 includes the superelastic metal tube 82b and the syn- 
thetic resin tube 82a surrounding and covering the out- 
side surface of the metal tube 82b while the synthetic 
resin tube 82b protrudes beyond the distal end of the 
superelastic metal tube 82b to forni the distal section 
82c of the tubular member 82. 
[0114] Typically the tubular member 82 has a length 
of about 300 to 4,000 mm, preferably 500 to 1 ,600 mm 
and an outer diameter of about 0.3 to 1 .5 mm , preferably 
0.4 to 1 .2 mm. 

[0115] The superelastic or pseudoelastic metal tube 
82b is preferably made of a superelastic alloy. The su- 
perelastic alloys are generally known as shape memory 
alloys and exert superelasticity at the living body tem- 
perature (about 37**C) or higher. Preferred examples of 
the superelastic alloy include Ti-Ni binary alloys consist- 
ing essentially of 49 to 53 atom% of nickel and the bal- 
ance of titanium, Cu-Zn binary alloys consisting essen- 
tially of 38.5 to 41 .5% by weight of zinc and the balance 
of copper, Cu-Zn-X ternary alloys containing 1 to 10% 
by weight of X wherein X Is Be, Si, Sn, Al orGa, and Ni- 
Al binary alloys consisting essentially of 36 to 38 atom% 
of aluminum and the balance of nickel, with the Ti-NI 
alloys being most preferred. Mechanical properties may 
be properly controlled by replacing part of Ti-NI alloy by 
0.01 to 10.0 atom% of X to fomi Ti-Ni-X alloys wherein 
X is Co, Fe, Mn, Cr, V, Al, Nb, W or B or replacing part 
of TI-NI alloy by 0.01 to 30.0 atom% of X to fomi Tl-Ni- 
X alloys wherein X is Cu, Pd or Zr and/or selecting the 
conditions of cold working and/or final heat treatment. 
By the temn "superelasticity" it is meant that when an 
alloy is defonned (bent, stretched or compressed) at 
service temperature to the extent where conventional 
metals undergo plastic deformation and then released 
from defomnation, the alloy resumes the original shape 
without a need for heating. 

[0116] Typtoally the superelastic metal tube 82b has 
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an outer diameter of about 0.2 to 1 .5 mm, preferably 0.3 
to 1 .2 mm, a wall thickness of about 30 to 200 jim, pref- 
erably 50 to 1 50 fim, a length of about 350 to 4,000 mm, 
preferably 550 to 1 ,800 mm, a buckling strength (yield 
stress under load) of about 5 to 200 kg/mm^, preferably 
8 to 150 kg/mm^ at 22°C, and a restoring stress (yield 
stress upon unloading) of about 3 to 180 kg/mm^, pref- 
erably 5 to 130 kg/mm2 at 22°C. 
[01 1 7] For the synthetic resin tube 82a, materials hav- 
ing flexibility are used, for example, themnoplastic resins 
such as polyolefins (e.g., polyethylene, polypropylene, 
ethylene-propylene copolymers, and ethylene-vinyl ac- 
etate copolymers), polyvinyl chloride, polyamide elas- 
tomers, and polyurethane, and polyimides. Preferred 
are the polyolefins and polyimides. That portion of the 
synthetic resin tube 82a surrounding and covering the 
superelastic metal tube 82b preferably has a wall thick- 
ness of about 5 to 300 (im, more preferably 10 to 200 

[0118] Alternatively, a heat-shrinkable tube may be 
used as the synthetic resin tube 82a of the tubular mem- 
ber 82. The heat-shrinkable tube used herein is a tube 
which has an inner diameter larger than the outer diam- 
eter of the superelastic metal tube 82b prior to heating 
and thus allows the superelastic metal tube to be insert- 
ed therethrough, but on heating, shrinks substantially 
unifomrily over its entirety to come In close contact with 
the outside surface of the metal tube. Such a heat- 
shrinkable tube is preferably prepared by molding a res- 
in into atube having an inner diameter equal to or slightly 
smaller than the outer diameter of the superelastic metal 
tube, and expanding the tube over its entirety so as to 
Increase its diameter so that upon heating, it may shrink 
to a diameter equal to or substantially equal to the di- 
ameter as molded. The heat-shrinkable tube is made of 
the material which can be expanded, but shrinks upon 
heating as mentioned above, for example, polyolefins 
(e.g., polyethylene, polypropylene, and ethylene-pro- 
pylene copolymers), ethylene-vinyl acetate copolymers, 
and polyamide elastomers. 

[01 1 9] Although part of the resin material of which the 
resin tube 82a is made may flow into the slits 82e in the 
super-elastic metal tube 82b, It is pretended that the slits 
82e be substantially free of the resin material and empty. 
In the absence of the resin material flowing into the slits, 
f lexural motion of the metal tube 82b is never obstruct- 
ed. 

[0120] Preferably, maricers 96 are provided on the 
outside surface of the elastk; shaft 84 for radiological 
localization purposes. More particularly, the maricers 96 
are disposed in alignment with the opposed ends of the 
cylindrical portion of the Inflatable member 83 as shown 
in FIG. 1 8. The maricers 14 are in the fomn of coil springs 
or rings made of a radiographic high contrast material, 
for example, platinum, platinum alloys, tungsten, tung- 
sten alloys, sliver and silver alloys. 
[0121] The elastic core or shaft 84 Is an elongated 
member having a distal end and a proximal end and ex- 
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tending throughout the tubular member 82, with the 
leading head 85 secured to the distal end. In the em- 
bodiment illustrated in FIG. 18, the elastic shaft 84 in- 
cludes a main body section of the shaft 84 correspond- 
5 ing to the main body section 82d of the tubular member 
82 and a distal section 84a which includes a base por- 
tion 84b corresponding to the distal section 82c of the 
tubular member 82 and a tip portion corresponding to 
the inflatable member 83. 

[01 22] IVIore particularly, the leading head 85 which Is 
attached to the distal end of the elastic shaft 84 includes 
a wire 86 axially extending from the distal end of the 
shaft 84 and a coil spring 87 enclosing the wire 86 and 
secured to the wire 86 at opposed ends. The wire 86 
prevents stretching of the coil spring 87. Dcoirably the 
distal section 84a of the elastic shaft 84 is more flexible 
toward the distal extremity (the left end in FIG. 18). To 
this end, the shaft 84 is reduced in diameter toward the 
distal extremity. The shaft 84 has a relatively small di- 
ameter in the main body section and a relatively large 
diameter in the base portion 84b, with the diameter grad- 
ually decreasing from the base portion 84b to the tip por- 
tion. The base portion 84b of the elastic shaft distal sec- 
tion has a larger diameter than the main body section of 
the shaft 84 forthe purpose of preventing angularfolding 
of the distal section 82c of the tubular member 82 (con- 
sisting solely of synthetic resin tube). As a result, the 
space or lumen 90 between the tubular member 82 and 
the shaft 84 is narrow around the base portion 84b. 
[0123] Useful forthe elastic core or shaft 84 are stain- 
less steel (preferably highly tensile stainless steel for 
springs), tungsten, tungsten -cobalt alloys, piano wire 
(preferably nickel or chromium plated piano wire), and 
superelastto alloys. Prefen-ed examples of the supere- 
lastic alloy include Ti-Ni binary alloys consisting essen- 
tially of 49 to 53 atom% of nickel and the balance of ti- 
tanium, Cu-Zn binary alloys consisting essentially of 
38.5 to 41 .5% by weight of zinc and the balance of cop- 
per, Cu-Zn-X ternary alloys containing 1 to 10% by 
weight of X wherein X is Be, Si, Sn, Al or Ga, and Ni-AI 
binary alloys consisting essentially of 36 to 38 atom% 
of aluminum and the balance of nickel, with the Ti-Ni 
alloys being most prefen^ed. Mechanical properties may 
be properly controlled by replacing part of Ti-Ni alloy by 
0.01 to 10.0 atom% of X to fomri Ti-Ni-X alloys wherein 
X is Co, Fe, Mn, Cr, V, Al, Nb, W or B or replacing part 
of Tl-Ni alloy by 0.01 to 30.0 atom% of X to fonn Tj-Ni- 
X alloys wherein X is Cu, Pd or Zr and/or selecting the 
conditions of cold working and/or final heat treatment. 
By the term "superelasticity" it is meant that when an 
alloy is deformed (bent, stretched or compressed) at 
service temperature to the extent where conventional 
metals undergo plastic deformation and then released 
of stresses, the alloy resumes the original shape without 
a need for heating. 

[0124] Typically the elastic shaft 84 has a length of 
about 350 to 4,000 mm, preferably 550 to 1 ,800 mm, a 
buckling strength (yield stress under load) of about 30 
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to 1 00 kg/mm2, preferably 40 to 66 kg/mrn^ at 22*C, and 
a restoring stress (yield stress upon unloading) of about 
20 to 80 kg/mm2, preferably 30 to 55 kg/mm^ at 22^C. 
The distal section 84a of the shaft 84 has an outer di- 
ameter of about 0.1 to 1 .0 nnm, preferably 0.15 to 0.7 
mnn, a bending load of about 0.1 to 1 0 g, preferably 0.3 
to 6.0 g, and a restoring load of about 0.1 to 10 g, pref- 
erably 0.3 to 6.0 g. 

[01 25] These values are not critical. The distal section 
84a of the shaft 84, which is moderately pointed, need 
not have an outer diameter within the above-mentioned 
range and may locally have such an outer diameter. The 
main and distal section of the shaft need not have an 
identical value of restoring stress and It is rather pre- 
ferred that the shaft is locally heat treated such that dif- 
ferent regions may have appropriate physical properties 
for their diameter. Preferably the main and distal sec- 
tions of the shaft are separately heat treated such that 
the main section may have a greater restoring stress 
and the distal section be flexible. The elastic shaft need 
not be a single wire member Shafts consisting of par- 
allel extending or braided wires are also useful. Such a 
multi-wire shaft may also be modified to have the above* 
mentioned functions, that is, such that physical proper- 
ties are changed stepwise or continuously 
[0126] The leading head 85 is to lead orguide the vas- 
cular dilatation instrument 81 to the destined vascular 
site. It Is fomned by the coll spring 87 in the embodiment 
Illustrated in FIG. 18. The leading head 85 should be 
flexible such that when the leading edge (the left end In 
FIG. 18) of the head 85 abuts against a blood vessel 
wall, the head readily flexes to find a way forward in an- 
other direction without concentrating stresses at the 
leading edge. Since the leading head 85 is also the distal 
end of the vascular dilatation instrument 81 , it is pre- 
ferred that the head be readily located under radiological 
observation. In this regard, the head 85 is preferably 
made of a radiographic high contrast material, for ex- 
ample, platinum, platinum alloys, tungsten, tungsten al- 
loys, silver and silver alloys. 

[0127] As mentioned above, the leading head 85 
should preferably be flexible. In this regard, the coil 
spring 87 may be made of superelastic or pseudoelastic 
metal wires or elastic metal wires. Preferably the head 
85 has an outer diameter of about 0.2 to 1 .0 mm and a 
length of about 2 to 50 mm. When the head is made of 
a superelastic metal wire, it preferably has a buckling 
strength (yield stress under load) of about 5 to 200 kg/ 
mm2, preferably 8 to 150 kg/mm^ at 22''C and a restor- 
ing stress (yield stress upon unloading) of about 3 to 
180 kg/mm2, preferably 5 to 150 kg/mm^ at 22''C. 
[0128] The leading edge 85a of the leading head 85 
is preferably formed as a head piece having a blunt con- 
vex curved surface by heating and melting the coiled 
fine metal wire. The coil spring 87 forming the head 85 
is joined to the distal end of the shaft 84 by brazing. In- 
stead of the wire 86 for preventing the coil spring 87 from 
stretching, the shaft 84 may be extended to reach the 



24 

leading edge of the head 85 where the end of the ex- 
tension is secured to the coil spring 87. 
[0129] The inflatable member or dilator 83 has one 
end 83c attached to the proximal end of the leading head 
5 87 and another end 83b attached to the distal end of the 
tubular member 82. The inflatable member 83 defines 
an interior space 92 which is in flow communication with 
the lumen 90 defined between the tubular member 82 
and the elastic shaft 84 th rough the distal opening of the 
10 tubular member 82 so that a fluid can be fed Into the 
interior space of the member 83 for inflation. The inflat- 
able member 83 is a contractlble or foldable sleeve 
membrane and includes a substantially cylindrical por- 
tion 83a having an approximately unifonn diameter at 
15 least a part of which Is substantially cylindrical, when 
inflated, for dilating the stricture in'a blood vessel and is 
foldable in close contact with the shaft 84 when deflated. 
The cylindrical portion 83a need not be completely cy- 
lindrical, but may be polygonal. 
[0130] With respect to the dimensions of the inflatable 
member 83, the cylindrical portion B3a when inflated 
preferably has an outer diameter of about 1.0 to 10.0 
mm, more preferably 1 .Oto 5.0 mm and a length of about 
5 to 50 mm, more preferably 1 0 to 40 mm. The inflatable 
member 83 preferably has an overall length of about 1 0 
to 70 mm, more preferably 15 to 60 mm. 
[0131] For the inflatable member 83, materials having 
a certain degree of flexibility and capable of dilating the 
stricture are used, for example, themnoplastic resins 
such as polyoleflns (e.g., polyethylene, polypropylene, 
and ethylene-propylene copolymers), polyesters (e.g., 
polyethylene terephthalate), polyvinyl chloride, ethyl- 
ene-vinyl acetate copolymers, crosslinked ethylene-vl- 
nyl acetate copolymers, potyurethane, and polyamide 
elastomers, and silicone rubber and latex rubber. 
[0132] As shown in FIG. 18, the branch hub 91 is at- 
tached to the proximal end of the instrument. The branch 
hub 91 includes fixedly mated first and second hub seg- 
ments 88 and 89. The first segment 88 is fixedly con- 
nected to the tubular member 82 at the proximal end 
with an adhesive 94 and has a first opening 93 in com- 
munication with the lumen 90 and forming a port for In- 
jecting a fluid for Inflation, The second segment 89 is 
fixedly connected to the elastic shaft 84 at the proximal 
end. More particularly, the second segment 89 defines 
a cylindrical cavity which receives a diametrically en- 
larged portion 84c of the shaft 84 at its proximal end. 
The proximal end of the shaft 84 including the enlarged 
portion 84c is secured within the second segment cavity 
with an adhesive 95. 

[01 33] The first and second hub segments 88 and 89 
are engaged as shown in FIG. 18. This engagement is 
achieved by attaching the first segment 88 to the prox- 
imal end of the tubular member 82, attaching the second 
segment 89 to the proximal end of the shaft 84, inserting 
the shaft 84 from its distal end into the lumen 90 of the 
tubular member 82 at the rear end until th second seg- 
ment 89 contacts the first segment 88, and tightly cou- 
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pling the first and second segments 88 and 89. At this 
point, an adhesive may be applied to the interface be- 
tween the first and second segments 88 and 89 to fomi 
a firm joint. 

[0134] The branch hub 91 is made of themrioplastic 
resins such as polyolefins (e.g., poiyethylene and poly- 
propyiene), poiycarbo nates, poiyamides, polysulfones, 
polyarylates, butylene-styrene copolymers, and meth- 
acrylate-butylene-styrene copolymers. 
[0135] Preferably the tubular member 82, inflatable 
member 83 and leading head 85 on their outside surface 
are treated so that the outside surface may exhibit lu- 
bricity. Such treatments include coating and fixation of 
hydrophilic polymers such as poly(2-hydroxyethyl meth- 
acrylate), poly(hydroxyethyl acrylate), hydroxypropyl 
cellulose, methyl vinyl ether-maleic anhydride copoly- 
mers, polyethylene glycol, polyacrylamide, and polyvi- 
nyl pyrrolidone. 

[0136] The structure of the tubular member 82 is not 
limited to that shown in FIGS. 18 and 19. Another ex- 
emplary structure of the tubular member is shown in 
FIG. 20. Unlike the embodiment of FIG. 19, a vascular 
dilatation Instrument of this embodiment includes a tu- 
bular member 82 having a substantially identical outer 
diameter over its entirety. The tubular member 82 In- 
cludes a superelastic metal tube 82b having slits 82e 
formed at a distal zone thereof as in FIG. 1 9, but having 
an Identical width while extending parallel from the distal 
end to the proximal end of the flexible zone. Preferably 
two to eight slits 82e are formed at substantially equal 
inten/als. The slits 82e preferably have a circumferential 
width of about 0.05 to 0.5 mm and a length of about 50 
to 200 mm. 

[0137] Also the distal portion of the metal tube 82b 
can be a beveled distal portion as shown in FIG. 8 
wherein the metal tube is cut at an angle of about 5** to 
45" with respect to its axis. 

[0138] Another exemplary structure of the tubular 
member 82 is shown In FIG. 21. 
[01 39] In the vascular dilatation instrument of the em- 
bodiment shown in FIG. 21 , the tubular member 82 in- 
cludes a synthetic resin tube 82a and a superelastic 
metal tube 82b having a distal zone where a spiral slit 
82e is fonned. The provision of spiral slit 82e makes the 
distal zone of the metal tube 82b more flexible and bend- 
able. The flexible distal zone of the metal tube 82b is 
effective for reducing the difference in physical proper- 
ties between the superelastic metal tube 82b and the 
synthetic resin tube 82a, thereby preventing separation 
and differential motion therebetween. The instrument Is 
more smooth and easy to manipulate. 
[01 40] The slit width is not fixed since it is determined 
in consideration of the outer diameter of the tubular 
member or the like. The slit width is preferably about 0 . 1 
to 1.5 mm, more preferably 0.5 to 1.0 mm. in other 
words, the silt width is preferably about 1/6 to 3/2, more 
preferably 1/3 to 1/1 of the outer diameter of the metal 
tube, within this range, the metal tube distal zone is fully 
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flexible and not broken during operation. Where the spi- 
ral slit 82e has a constant pitch, the pitch Is preferably 
about 0.2 to 2.0 mm, more preferably 0.3 to 0.5 mm be- 
cause within this range, the metal tube distal zon is 
5 fully flexible and not broken during operation. The extent 
of the distal portion of the metal tube where the slit is 
formed Is determined by taking into account the length 
of the instrument or the like. Typically the slit is fomried 
in a distal region of the metal tube which extends 
100-1,000 mm, preferably 150-500 mm from the distal 
edge thereof. 

[0141] In a preferred example, the spiral slit 82e Is 
formed at Increasing pitches. As shown in FIG. 21 , the 
slit pitch is shorter at the distal end (left-hand side) and 
longer at the proximal end (right-hand side). Then the 
distal zone of the superelastic metal tube 82b becomes 
more flexible toward the distal end. Such a gradual 
change of physical properties ensures smoother bend- 
ing of the metal tube distal zone and easier manipulation 
of the instrument. Where the slit has a varying pitch, the 
pitch is preferably about 0.3 to 2.0 mm at the distal end 
and about 5 to 1 0 mm at the proximal end of the slit re- 
gion, and an intemnediate value at an intemnediate re- 
gion. It is also acceptable that the pitch be continuously 
increased from the distal end toward the proximal end. 
Within this range, the metal tube distal zone is fully flex- 
ible and not broken during operation. 
[01 42] A single spiral slit is fomned in the embodiment 
of FIG. 21 although two or more slits may be fonned. 
Also employable is a spiral slit having an increased 
width at the distal end and a reduced width at the prox- 
imal end as shown in FIG. 10. 
[01 43] FIG. 22 shows a further exemplary structure of 
the tubular member 82. The superelastic metal tube 82b 
of the tubular member 82 includes a distal zone which 
is tapered or diametrically reduced toward the distal end 
(left-hand end in FIG. 22). A spiral slit 82e is fonned in 
the tapered distal zone of the metal tube 82b. This spiral 
slit 82e has a reduced pitch at the distal end and an in- 
creased pitch at the proximal end of the distal zone. 
[0144] FIG. 23 shows a still further exemplary struc- 
ture of the tubular member 82. The superelastic metal 
tube 82b of the tubular member 82 includes a distal zone 
which is perforated with a plurality of holes 82e. Prefer- 
ably more holes 82e are distributed at the distal end than 
at the proximal end of the distal zone of the metal tube 
82b as shown in FIG. 23. 

[0145] The diameter of perforations 82e Is not fixed 
since it is determined in accordance with the number of 
perforations, the outer diameter of metal tube and the 
like. Typically the perforations 82e have a diameter of 
about 0.1 to 0.4 mm, preferably 0.2 to 0.3 mm. The pore 
diameter is preferably about 1/10 to 1/3 of the outer di- 
ameter of the metal tube. Within this range, the metal 
tube distal zone is fully flexible and not broken during 
operation. The perforations 82e are preferably spaced 
a distance of about 0.1 to 0.5 mm. Within this range, the 
metal tube distal zone is fully flexible and not broken 
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during operation. Where the perforation distribution is 
varied over the distal zone, the spacing between perfo- 
rations preferably is about 0.1 to 0.2 mm at the distal 
end and about 0.3 to 0.5 mm at the proximal end. In an 
intennediate region between the distal and proximal 
ends, the spacing between perforations has an intenne- 
diate value or Is gradually varied. The extent of the distal 
portion of the metal tube where the perforations are 
formed is detemriined by taking into account the length 
of the instrument or the like. Typically the perforations 
are formed in a distal region of the metal tube which ex- 
tends about 100-1,000 mm, preferably 150-500 mm 
from the distal edge thereof. 

[0146] Instead of the varying perforation distribution, 
the diameter or area of perforations may be varied such 
that the diameter or area is greater near the distal end 
than near the proximal end of the metal tube distal zone. 
[0147] With respect to the shape, the perforations 
need not be true circle and may be ellipsoidal, for ex- 
ample, oval holes elongated in a circumferential or axial 
direction of the metal tube or polygonal such as square 
or pentagonal holes. Each perforation preferably has an 
area of 0.007 to 0.13 mm^. 

[01 48] Although part of the resin material of which the 
resin tube 82f is made may flow into the perforations 
82e in the superelastic metal tube 82b, it is preferred 
that the perforations 82e be substantially free of the res- 
in material and empty. In the absence of the resin ma- 
terial flowing into the perforations, flexural motion of the 
metal tube 82b is never obstructed. 
[0149] Next, a catheter according to the third aspect 
of the invention is described. 
[0150] Referring to FIGS. 24 and 25, there is illustrat- 
ed a catheter generally designated at 1 00 as comprising 
a main body section 1 02b including a superelastic metal 
tube 101 and a synthetic resin layer 104 covering the 
metal tube 1 01 , and a distal section 1 02a made of a syn- 
thetic resin. The superelastic metal tube 101 includes a 
distal zone 102c which is provided with a slit 106 or a 
plurality of perforations 107 (see FIG. 32). The distal 
zone 102c is more flexible and defonnabie than the re- 
mainder. 

[0151] Since the main body section 102b has the su- 
perelastic metal tube 101 therein, the catheter is effec- 
tive for transmitting translational and torsional forces 
from the proximal end to the distal end, that is, improved 
in pushability and torque transmission. Then the cathe- 
ter over its entirety can be reduced in wall thickness and 
hence in diameter. The distal zone 102c of the supere- 
lastic metal tube 1 01 is provided with a slit 1 06 or a plu- 
rality of perforations 107 and thus fomis a flexible zone 
which mitigates the change in physical properties be- 
tween the superelastic metal tube 101 and the distal 
section solely of synthetic resin tube, thereby preventing 
angular folding at the interface therebetween. The cath- 
eter is more smooth and convenient to insert or manip- 
ulate and will not cause damage to a vascular wall upon 
insertion. The provision of a spiral slit or perforations 



makes the distal zone of the metal tube more flexible 
and bendable. The flexible distal zone of the metal tube 
1 01 is effective for reducing the difference in physical 
properties between the superelastic metal tube 1 01 and 

5 the synthetic resin layer 1 04, thereby preventing sepa- 
ration and differential motion therebetween. The cathe- 
ter is more smooth and convenient to manipulate. 
[01 52] The catheter of the invention finds use as vas- 
cular insertion catheters, typically vasographic cathe- 

10 ters for heart and brain blood vessels and medication 
catheters for administering medicament to heart and 
brain blood vessels. 

[0153] In the embodiment of FIGS. 24 and 25, the 
catheter 100 is illustrated as a medication catheter for 
15 administering medicament to heart and brain blood ves- 
sels. 

[0154] The catheter 100 having distal and proximal 
ends includes the main body section 1 02b and the distal 
section 102a. It also includes a lumen 103 extending 
20 from the proximal end to the distal end where a distal 
opening 109 is defined. 

[0155] The main body section 102b includes the su- 
perelastic metal tube 101 and synthetic resin layers 
1 04a and 1 04b covering the outside and inside surfaces 
25 of the metal tube 101 . The distal section 102a is a tip 
member 105 made of synthetic resin which is fixedly 
connected to the distal end of the main body section 
102b. 

[0156] The superelastic metal tube 1 01 is preferably 

30 made of a superelastb alloy. The superelastic alloys are 
generally known as shape memory alloys and exert su- 
perelasticity atthe living body temperature (about 37°C) 
or higher. Prefen-ed examples of the superelastic alloy 
include Ti-Ni binary alloys consisting essentially of 49 to 

35 53 atom% of nickel and the balance of titanium, Cu-Zn 
binary alloys consisting essentially of 38.5 to 41 .5% by 
weight of zinc and the balance of copper, Cu-Zn-X ter- 
nary alloys containing 1 to 10% by weight of X wherein 
X is Be, SI, Sn, Al or Ga, and Ni-AI binary alloys conslst- 

40 ing essentially of 36 to 38 atom% of aluminum and the 
balance of nickel, with the Ti-Ni alloys being most pre- 
ferred. Mechanical properties may be properly control- 
led by replacing part of TI-NI alloy by 0.01 to 1 0.0 atom% 
of X to fomn Ti-Ni-X alloys wherein X Is Co, Fe, Mn, Cr, 

45 V, Al, Nb, W or B or replacing part of Tl-Ni alloy by 0.01 
to 30.0 atom% of X to form Ti-Ni-X alloys wherein X is 
Cu, Pd orZrand/orselectlngtheconditlonsofcoldwork- 
Ing and/or final heat treatment. By the tenm "superelas- 
ticity" it is meant that when an alloy is deformed (bent, 

50 stretched or compressed) at service temperature to the 
extent where conventional metals undergo plastic de- 
formation and then released from deformation, the alloy 
resumes the original shape without a need for heating. 
[0157] Typically the superelastic metal tube 101 has 

55 an outer diameter of about 0.4 to 1 .0 mm, preferably 0.5 
to 0.8 mm, a wall thickness of about 50 to 200 p.m, pref- 
erably 80 to 150 \im, a length of about 500 to 4,000 mm, 
preferably 1 ,000 to 3,000 mm, a buckling strength (yield 
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stress under load) of about 5 to 200 kg/mm^, preferably 
8 to 150 kg/mm^ at 22°C. and a restoring stress (yield 
stress upon unloading) of about 3 to 180 kg/mm^, pref- 
erably 6 to 130 kg/mm2 at 22°C. 
[01 58] I n the catheter 1 00 of this embodlnnent, the su- 
perelastic metal tube 1 01 has a distal zone 1 02c where 
a spiral slit 1 06 is fonned as shown in FIG. 25 and FIG. 
26 which Is an enlarged partially cut-away view of the 
distal zone in FIG. 25. The slit width is not fixed since it 
Is detemiined in consideration of the catheter outer di- 
ameter or the like. The slit width Is preferably 0.1 to 1 .5 
mm, more preferably 0.5 to 1 .0 mm. In other words, the 
slit width is preferably about 1/6 to 3/2, more preferably 
1/3 to 1/1 of the outer diameter of the metal tube. Within 
this range, the metal tube distal zone is fully flexible and 
not broken during operation. Where the spiral slit 1 06 
has a constant pitch, the pitch is preferably about 0.5 to 
2.0 mm, more preferably 0.5 to 1 .0 mm because within 
this range, the metal tube distal zone is fully flexible and 
not broken during operation. The extent of the distal por- 
tion of the metal tube where the slit is formed Is deter- 
mined by taking into account the length of the catheter 
or the like. Typically the slit is formed In a distal region 
of the metal tube which extends about 1 00-1 ,000 mm, * 
preferably 150-500 mm from the distal edge thereof. 
[0159] In one preferred example, the spiral slit 1 06 Is 
formed at increasing pitches. As shown In FIGS. 25 and 
26, the slit pitch Is shorter at the distal end (left-hand 
side) and longer on the proximal end (right-hand side) 
of the distal zone 1 02c. Then the superelastic metal tube 
101 becomes more flexible toward the distal end. Such 
a gradual change of physical properties ensures 
smoother bending of the metal tube distal zone and eas- 
ier manipulation of the catheter. Where the slit has a var- 
iable pitch, the pitch is preferably about 0.5 to 3.0 mm 
at the distal end and about 5 to 1 0 mm at the proximal 
end of the distal zone 102c. and an intennediate value 
at an Intennediate region. It is also acceptable that the 
pitch be continuously increased from the distal end to- 
ward the proximal end. Within this range, the metal tube 
distal zone Is fully flexible and not broken during opera- 
tion. 

[0160] . A single spiral slit Is fonmed in the embodiment 
of FIGS. 25 and 26 although two or more slits may be 
formed. 

[0161] The superelastic metal tube 101 is covered 
with the synthetic resin layer 104. More particularly, the 
synthetic resin layer 104 covering the metal tube 101 
includes outside and inside layers 104a and 104b cov- 
ering the outside and inside surfaces of the metal tube 
101 , respectively. Past the distal end of the metal tube 
101 , the outside and inside resin layers 104a and 104b 
merge into an integral layer. It is only required that the 
resin layer covers at least the outside surface of the met- 
al tube while the Inside resin layer 1 04b may be omitted. 
[0162] Although part of the resin material of which the 
resin layer is made may flow into the slits 1 06 in the su- 
perelastic metal tube 1 01 , it is preferred that the slits be 



substantially free of the resin material and empty. In the 
absence of the resin material flowing into the slits 106, 
flexural motion of the metal tube 101 is never obstruct- 
ed. 

5 [0163] In thecatheter 1 00 of this embodiment, the dis- 
tal section 1 02a is the tip member 1 05 made of synthetic 
resin which is fixedly connected to the distal end of the 
main body section 1 02b or integrated resin layer 1 04. In 
the illustrated embodiment, the synthetic resin layer 1 04 
Is tapered forward while the base portion of the tip mem- 
ber 105 is also tapered In confonnity with the tapered 
layer 1 04. The distal end 1 09 of the tip member 1 05 and 
hence the catheter 1 00 has a smaller diameter than the 
remainder. It is preferred that the leading edge 109 of 
the tip member 105 and hence the catheter 100 
presents a blunt curved surface for preventing damage 
to the vascular wall and improving manipulation of the 
catheter. 

[0164] Instead of the tip member 105, the synthetic 
resin layer 1 04 covering the metal tube 1 01 may be ex- 
tended fonA^ard (leftward in FIG. 25) to form the distal 
section 102a integral with the resin layer 104. 
[01 65] Synthetic resins are used to f omri the synthetic 
resin layer 104 and tip member 105. Examples include 
thennopiastic resins such as polyolefins (e.g., polyeth- 
ylene and polypropylene), polyolefin elastomers (e.g., 
ethylene elastomers, polypropylene elastomers, and 
ethylene propylene copolymer elastomers), polyvinyl 
chloride, ethylene-vlnyl acetate copolymers, polyamide 
elastomers, and polyurethane, and fluoro-reslns, and 
silicone rubber. Preferred are the polyethylene, polya- 
mide elastomers, and polyurethane. Particularly when 
the catheter is applied to a catheter for administering an 
embolic substance (e.g., a dimethyl sulfoxide solution 
of cyanoacrylate or ethylene-vinyl alcohol copolymers) 
into a cerebral blood vessel, those synthetic materials 
which are insoluble in such solvents as dimethyl sulfox- 
ide are prefen-ed. Preferred synthetic resins for such 
catheters are solvent-resistant resins such as polya- 
mide elastomers. 

[0166] The synthetic resin layer 104 should preferably 
be flexible enough not to obstmct bending of the supere- 
lastic metal tube 1 01 . It is also preferred to Incorporate 
Into the synthetic resin of the layer 1 04 and tip member 
105 a radiopaque contrast substance in powder fomn, 
for example, elemental metals such as barium, tungsten 
and bismuth and compounds thereof. This facilitates the 
operator to locate the catheter over its entirety during 
Insertion Into a blood vessel. Preferably the synthetic 
resin layers 104a and 104b covering the metal tube 
each have a thickness of about 5 to 300 \vn\, more pref- 
erably 10 to 200 p,m. 

[0167] Typically, the main body section 102b of the 
catheter has an outer diameter of about 0.9 to 7.0 mm, 
preferably 1.0 to 6.0 mm. The distal section 102a has 
an outerdiameter of about 0.4 to 1 .0 mm, preferably 0.5 
to 0.8 mm. 

[01 68] The outside surface of the catheter (more spe- 
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cifically, the outside surface of outside resin layer 104a) 
may be coated with a biocompatible, especially anti- 
thrombotic, resin. Preferred anti-thrombotic resins are 
poly(hydroxyethyl methacrylate) and hydroxyethyi 
methacrylate-styrene copolymers (e.g., HEMA-St-HE- 
hAA block copolymers). Especially when a radiopaque 
contrast substance is mixed with a synthetic resin, such 
coating is preferred for eliminating the surface rough- 
ness associated with the radiopaque powder. While bio- 
compatible resins are preferred, the same synthetic res- 
in as used in fonning the layer or tip member, but free 
of radiopaque powder may be thinly coated. 
[01 69] Also the catheter (outside resin layer 1 04a) on 
its outside surface is preferably treated so that the sur- 
face may exhibit lubricity when contacted with blood or 
body fluid. Such treatments include coating and fixation 
of hydrophilic polymers such as poly(2- hydroxyethyi 
methacrylate), poly (hydroxy ethyl acrylate), hydroxypro- 
pyt cellulose, methyl vinyl ether-maleic anhydride copol- 
ymers, polyethylene glycol, polyacrylamide, and polyvi- 
nyl pyrrolidone. 

[0170] To the catheter 100 at the proximal end (right 
end In FIG. 25) is fixedly mounted a hub 1 20. More par- 
ticularly, a reinforcing sleeve 108 is fitted over the prox- 
imal end of the main body section 1 02b. The reinforcing 
sleeve 1 08 and the main body section 1 02b are inserted 
into a bore in the hub 1 20 and adhesively bonded there- 
to. 

[01 71 ] The shape of slit is not limited to that shown In 
FIG. 26. FIG. 27 shows another example of the slit. 
[0172] The catheter 111 of this embodiment has the 
same basic construction as the embodiment of FIGS. 
25 and 26. In the catheter 111, the superelastic metal 
tube 1 01 is provided with a spiral slit 1 06 having a width 
which is greater at the distal end and smaller at the prox- 
imal end of the flexible zone. The slit width is reduced 
from the distal end toward the proximal end. Then the 
metal tube becomes more flexible toward the distal end, 
ensuring smoother bending of the metal tube distal zone 
and more effective manipulation of the catheter, 
[0173] Although the slit width is determined in consid- 
eration of the catheter outer diameter or the like, it is 
preferably about 0.1 to 2.0 mm at the distal end and 
about 0.1 to 0.5 mm at the proximal end. In other words, 
the slit width is preferably about 1/6 to 2/1 , more prefer- 
ably about 1/3 to 1/1 of the outer diameter of the metal 
tube. Within this range, the metal tube distal zone is fully 
flexible and not broken during operation. In an Interme- 
diate region between the distal and proximal ends, the 
slit width may have an intermediate value or be gradu- 
ally decreased from the distal end to the proximal end 
of the metal tube distal zone. The pitch of the slit 1 06 
may be fixed or decreased continuously or stepwise 
from the distal end toward the proximal end. The extent 
of the distal zone of the metal tube where the slit is 
formed is determined by taking into account the length 
of the catheter or the like. Typically the slit is formed in 
a distal region of the metal tube which extends about 



100-1,000 mm, preferably 150-500 mm from the distal 
edge thereof. A single spiral slit Is formed In the embod- 
iment of FIG. 27 although two or more slits may be 
fomried. 

5 [0174] FIG. 28shows a further example of the slit. The 
catheter 125 of this embodiment has the same basic 
construction as the embodiment of FIGS. 25 and 26. In 
the catheter 1 25, the superelastic metal tube 1 01 is pro- 
vided with a plurality of equally spaced linear slits 106 
10 extending parallel to the tube axis. The slits 1 06 render 
the distal zone of the metal tube flexible, ensuring 
smoother bending of the metal tube distal zone and eas- 
ier manipulation of the catheter. 
[01 75] The slit width is not fixed since it is determined 
IS in accordance with the catheter outer diameter or the 
like. The slits preferably have a circumferential width of 
about 0.1 to 0.5 mm. Two to twelve slits 1 06 are prefer- 
ably formed because within this range, the distal zone 
of the metal tube is fully flexible and not broken during 
operation. The slits preferably have a length of about 
1 00 to about 1 ,000 mm, more preferably 150 to 500 mm. 
[0176] FIG. 29 shows afurther example of the slit. The 
catheter 126 of this embodiment has the same basic 
construction as the embodiment of FIGS. 25 and 26. In 
the catheter 1 26, the superelastic metal tube 1 01 is pro- 
vided with a plurality of triangular slits 106 extending 
from the distal end to the proximal end of the distal zone 
1 02c. The provision of slits 1 06 makes the distal zone 
of the metal tube more flexible than the remainder. As 
shown in FIG. 29, the slits 106 are gradually decreased 
in width from the distal end to the proximal end of the 
distal zone of the superelastic metal tube 1 01 , or differ- 
ently stated, gradually increased in width toward the dis- 
tal end. The slit has the maximum width at the distal end 
of the metal tube 1 01 . Then as one goes toward the dis- 
tal end, the superelastic metal tube 101 is more flexible 
and defomiable and the side wall is more deformable 
radially inward and outward. Preferably two to eight slits 
106 are fonned at approximately equal intervals. Also 
preferably, the slits 1 06 have a maximum width of about 
0.05 to 0.5 mm at the distal end and a length of about 
100 to 1 ,000 mm, more preferably 150 to 500 mm. 
[01 77] A still further example of the superelastic metal 
tube and slit is illustrated in FIG. 30. 
[0178] In the catheter 127 of this embodiment shown 
in FIG. 30, the superelastic metal tube 101 includes a 
distal portion which is tapered or diametrically reduced 
toward the distal end (left-hand end in FIG. 30). A spiral 
slit 1 06 is formed in the tapered distal zone of the metal 
tube 101 . Such a tube can be prepared by fonning a 
tube having a tapered end portion and machining a spi- 
ral slit in the tapered portion. The tube having a tapered 
end portion can also be prepared by machining a spiral 
slit in one end portion of a metal tube of a fixed diameter 
and axially stretching the slit portion. 
[0179] The slit width is not fixed since rt is determined 
in accordance with the catheter outer diameter or the 
like. The slit width is preferably about 0.1 to 1 .5 mm, 
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more preferably 0.5 to 1 .0 mm. Where the spiral slit 1 06 
has a constant pitch, the pitch is preferably about 0,5 to 
2.0 mm, more preferably 0.5 to 1 .0 mm. The extent of 
the distal portion of the metal tube where the slit is 
formed Is detemiined by taking Into account the length 
of the catheter or the like. Typically the slit is formed in 
a distal region of the metal tube which extends about 
100-1 ,000 mm, preferably 150-500 mm from the distal 
edge thereof. 

[0180] Also preferably, the spiral slit 106 has a re- 
duced pitch at the distal end and an increased pitch at 
the proximal end of the metal tube distal zone. Where 
the slit has a variable pitch, the pitch is preferably about 
0.5 to 3.0 mm at the distal end and about 5 to 1 0 mm at 
the proximal end of the distal zone and an intermediate 
value at an intermediate region. It is also acceptable that 
the pitch be continuously increased from the distal end 
toward the proximal end. A single spiral slit is formed in 
the embodiment of FIG. 30 although two or more slits 
may be formed. 

[0181] Referring to FIGS. 31 and 32, there is illustrat- 
ed a catheter according to a further embodiment of the 
invention. 

[0182] The catheter 128 of the illustrated embodiment 
has the same basic construction as that shown in FIGS. 
24 to 26 and like parts are designated by the same nu- 
merals. The difference of the catheter 128 of this em- 
bodiment from the catheter 1 00 of the previous embod- 
iment resides in the construction of the superelastic met- 
al tube 1 01 and tip member 1 05. In the catheter 1 28, the 
synthetic resin layer 104a covering the superelastic 
metal tube 101 tenninates at a position retracted a dis- 
tance from the distal end of the metal tube toward the 
proximal end, that is, the distal end of the metal tube 
101 is not covered with the resin. Instead, the tip mem- 
ber 1 05 defines an extra cylindrical rear bore into which 
is inserted the exposed distal portion of the metal tube 
101 . The tip member 105 and the synthetic resin layer 
104 arejoinedtogetherwith the distal portion of the met- 
al tube 101 inserted into the cylindrical bore of the tip 
member 105. 

[0183] The superelastic metal tube 101 in a distal 
zone is provided with a plurality of perforations 107 so 
that the metal tube distal zone Is more flexible and bend- 
able than the remainder. The flexible distal zone of the 
metal tube 101 reduces the difference in physical prop- 
erties between the metal tube 2b and the resin layer 1 04 
and tip member 1 05, thereby preventing separation and 
differential motion therebetween and facilitating manip- 
ulation of the catheter. 

[01 84] The diameter of perforations is not fixed since 
it is determined in accordance with the number of per- 
forations, the outer diameter of metal tube and the like. 
Typically the perforations 1 07 have a diameter of about 
0.1 to 0.4 mm, preferably 0.2 to 0.3 mm. In other words, 
the pore diameter is preferably about 1/10 to 1/3 of the 
outer diameter of the metal tube. Within this range, the 
metal tube distal zone is fully flexible and not broken 



during operation. The perforations 107 are preferably 
spaced a distance of about 0.1 to 0.5 mm. Within this 
range, the metal tube distal zone is fully flexible and not 
broken during operation. The extent of the distal zone 
5 of the metal tube which is perforated is determined by 
taking into account the catheter length or the like. Typ- 
ically the perforations are formed in a distal region of the 
metal tube which extends about 100-1 ,000 mm, prefer- 
ably 150-500 mm from the distal edge thereof. 
10 [0185] As shown in FIGS. 31 and 32, more perfora- 
tions 1 07 are distributed near the distal end than near 
the proximal end of the perforated zone. Then the su- 
perelastic metal tube 1 01 becomes more flexible toward 
the distal end. Such a gradual change of physical prop- 
15 erties ensures smoother bending of the metal tube distal 
zone and more adequate manipulation of the catheter. 
More specifically, the number of perforations 107 is 
gradually increased from the proximal end to the distal 
end of the perforated zone as shown In FIGS. 31 and 
20 32. Then the superelastic metal tube 1 01 becomes more 
flexible toward the distal end, ensuring smoother bend- 
ing of the metal tube distal zone and more convenient 
manipulation of the catheter. Where the perforation dis- 
tribution is varied In this way, the spacing between per- 
25 forations is about 0.1 to 0.2 mm at the distal end and 
about 0,3 to 0.5 mm at the proximal end. In an interme- 
diate region between the distal and proximal ends, the 
spacing between perforations has an intermediate value 
or is gradually varied. 
30 [0186] Instead of the varying perforation distribution, 
the diameter or area of perforations may be varied such 
that the diameter or area is greater near the distal end 
than near the proximal end. 

[0187] With respect to the shape, the perforations 
35 need not be true circle and may be ellipsoidal, for ex- 
ample, oval holes elongated in a circumferential or axial 
direction of the metal tube or polygonal such as square 
or pentagonal holes. Each perforation preferably has an 
area of 0.007 to 0.13 mm2. 
40 [01 88] Although part of the synthetic resin material of 
which the resin layer 1 04 and tip member 1 05 are made 
may flow into the holes 107 in the superelastic metal 
tube 1 01 , it is preferred that the holes 1 07 be substan- 
tially free of the resin material and empty. In the absence 
45 of the resin material flowing into the holes, the metal 
tube 101 undergoes free flexural motion. 
[0189] Slits or holes are fomned in the superelastic 
metal tube by any of conventional techniques including 
laser machining (e.g., YAG laser), electric discharge 
50 machining, chemical etching, machining, and combina- 
tions thereof. 

EXAMPLE 

55 [0190] Examples of the catheter according to the in- 
vention are given below by way of illustration and not by 
way of limitation. 

[0191] A catheter as shown in FIGS. 24 and 25 was 
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fabricated. A pipe of Ti-Ni alloy containing 51 atom% of 
nickel was cold worked into a superelastic metal tube 
having an outer diameter of 1 .0 mm, an inner diameter 
of 0.85 mm, and a length of 1 00 cm. A spiral slit was cut 
in a distal zone of the metal tube which extended 20 cm 
from the distal end, using a YAG laser machine model 
ML-4140A (MIyachi Technos K.K., laser irradiation at a 
power of 4 W and an irradiation rate of 1 0 mm/min.). The 
spiral slit had a constant width of 0.5 mm and a pitch 
which gradually Increased from 1 mm at the distal end 
to 1 0 mm at the terminus. The metal tube including the 
slit portion was covered on both the inside and outside 
surfaces with polyethylene. The polyethylene coating 
did not substantially flow into the slit and the slit re- 
mained empty. The resin coated superelastte metal tube 
constituted a catheter main body section. The resin lay- 
er covering the metal tube was 0.04 mm thick on the 
outside and 0.03 mm on the inside. The catheter main 
body section was 1 .08 mm In outer diameter and 0.79 
mm in inner diameter. 

[01 92] A tip member constituting a catheter distal sec- 
tion was molded from polyethylene to a length of 20 cm, 
an outer diameter of 0.9 mm and an inner diameter of 
0.8 mm. The tip member was connected to the distal 
end of the resin-coated superelastic metal tube by fu- 
sion welding. 

[0193] A hub as shown in FIG. 25 was molded from 
polycarbonate and adhesively joined to the proximal 
end of the resin-coated superelastic metal tube, com- 
pleting the catheter. 

[0194] The catheter was measured for modulus of 
elasticity at different positions. For measurement, Auto- 
graph AGS-100D manufactured by Shimazu Mfg. K.K. 
was used. Measurement was done as shown In FIG, 33 
by setting a pair of rods having a diameter of 4 mm at a 
center-to -center distance of 25 mm, resting a selected 
area of the catheter on the rods, and loading the span 
portion by means of a pusher having a semlspherical 
lower end. 

[0195] Test conditions are shown below. 

Test mode: cycle (down start) 

Load cell: 5000 gf 

F.S. load: 2500 gf (x2) 

Test speed: 5 mm/min. 

Minimum stroke: 0.00 mm stop 

Maximum stroke: 2.00 mm return 

Chart control: X-PC(x50) 
[0196] The results of measurements are shown in Ta- 
ble 1. 

Table 1 



Table 1 (continued) 



Catheter 



Main body section, no slit area 
Main body section, slit, 10 mm pitch area 
Main body section, slit, 5 mm pitch area 
Main body section, slit, 2 mm pitch area 



Load 



274 g 
135 g 
79 g 
26 g 



45 



Catheter 



Distal section (solely polyethylene) 



Load 



14g 



[0197] As is evident from Table 1 , the catheter of the 
invention has a gradual change in physical property 
from the main body portion of the metal tube to the most 
distal end of the catheter through the metal tube distal 
'0 zone. 

[0198] There has been described a vascular dilatation 
instrument having af uliy flexible distal zone and capable 
of transmitting translational and torsional forces from the 
proximal end to the distal end of the instrument (im- 
proved in pushability and torque transmission). The dis- 
tal zone of the superelastic metal tube is more flexible 
and deformable than the main body portion . The flexible 
distal zone of the metal tube provides a smooth transi- 
tion from the main body portion to the leading resinous 

^ portion. When a load is applied to the transition between 
the relatively stiff main body portion and the relatively 
flexible distal portion, the distal portion follows the load 
and defomns in the loading direction. This prevents an- 
gular folding at the transition which would othenvise oc- 
cur due to the difference in physical properties between 
the metal tube and the synthetic resin. 
[01 99] The same applies to the catheter. 
[0200] When a spiral slit or perforations are formed in 
the distal zone of the metal tube, the distal zone be- 

3^ comes more flexible and bendable. This minimizes the 
difference in physical properties between the metal tube 
and the synthetic resin layer, eliminating separation and 
differential motion therebetween. The instrument or 
catheter is thus more smooth and effective to manipu- 

35 late. 

[0201] Although some preferred embodiments have 
been described, many modifications and variations may 
be made thereto in the light of the above teachings. It is 
therefore to be understood that within the scope of the 
appended claims, the invention may be practiced other- 
wise than as specifically described. 



Claims 



1 . A catheter (1 ) comprising 

a main body section (2d) Including a supere- 
lastic or pseudoelastic metal tube (2b) and a syn- 
thetic resin tube (2a) covering said metal tube (2b), 
50 and 

a distal section (2c) made of a synthetic resin, 
the superelastic metai tube (2b) Including a defomn- 
able distal zone characterized in that said distal 
zone is provided with a slit (2e) or a plurality of per- 
55 forations (2e). 

2. A catheter according to claim 1 wherein the deform- 
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of said superelastic metal tube (5b), said synthetic 
resin tube (5a) protruding beyond the distal end of 
said superelastic metal tube (5b) to fomn the distal 
section of said Inner tube (5). 

5 

10. A catheter according to claim 1 wher In said cath- 
eter is a vascular dilatation Instrument (81 ) compris- 
ing 

a tubular member (82) having a lumen (90) 
10 therethrough and an opening In fluid communica- 
tion with said lumen, 

a leading head (82), and 

an Inflatable member (83) having one end 
(83b) attached to said tubular member (82) and an- 
15 other end (83a) attached to said leading head (87) 
and defining an interior space (92) in fluid commu- 
nication with said lumen (90) through said opening, 

said tubular member (82) Including said main 
body section (82d). 

20 

11. A catheter according to claim 10 further comprising 
an elastic shaft (84) extending through said lumen 
(90) and having a distal end connected to said lead- 
ing head (87). 

25 

12. A catheter according to claim 10 wherein said tubu- 
lar member (82) Includes the superelastic metal 
tube (82b) and the synthetic resin tube (82a) cov- 
ering the surface of said metal tube (82b), said syn- 

30 thetic resin tube (82a) protruding beyond the distal 
end of said metal tube (82b) to fonm the distal por- 
tion (82c) of said tubular member (82). 

13. A catheter according to any one of claims 7 to 12 
35 wherein the slit (82e) extends from the distal end 

toward the proximal end thereof. 

14. A catheter according to any one of claims 7 to 13 
wherein the defomnable distal zone of said supere- 
go lastic metal tube (82b) is more flexible at the distal 

end than at the proximal end of the zone. 

15. A catheter according to any one of claims 7 to 14 
wherein the defomiable distal zone of said supere- 

45 lastic metal tube (82b) is gradually Increased in flex- 
ibility from the proximal end to the distal end of the 
zone. 

16. A catheter according to any one of claims 7 to 15 
50 wherein said slit (82e) Is a spiral slit. 



able distal zone of said superelastic metal tube (2b) 
is more flexible at the distal end than at the proximal 
end of the zone. 

3. A catheter according to claim 1 wherein the defomn- 
able distal zone of said superelastic metal tube (2b) 
is gradually Increased In flexibility from the proximal 
end to the distal end of the zone. 

4. A catheter according to claim 1 wherein said slit (2e) 
Is a spiral slit. 

5. A catheter according to claim 4 wherein said spiral 
slit (2e) Is gradually reduced in pitch toward the dis- 
tal end of said metal tube (2b). 

6. A catheter according to claim 4 wherein said spiral 
slit (2e) Is gradually increased In width toward the 
distal end of said metal tube (2b). 

7. A catheter according to claim 1 wherein said cath- 
eter is a vascular dilatation instrument (1 ) compris- 
ing 

an inner tube (5) defining a first lumen (4) ex- 
tending between an open distal end and a proximal 
portion, 

an outer tube (2) disposed coaxially around 
said inner tube (5), having a distal end retracted a 
predetemnined distance from the distal end of said 
inner tube (5) and a proximal portion, and defining 
a second lumen (6) with the outside surface of said 
inner tube (5), 

an Inflatable member (3) having one end (7) 
attached to said Inner tube (5) and another end (8) 
attached to said outer tube (2), and defining an in- 
terior space (16) In fluid communication with said 
second lumen (6) in the vicinity of the other end (8), 

a first opening (9) disposed In the proximal 
portion of said inner tube (5) In communication with 
said first lumen (4), and 

a second opening (11) disposed in the proxi- 
mal portion of said outer tube (2) in fluid communi- 
cation with said second lumen (6), wherein 

at least one of said Inner tube (5) and said out- 
er tube (2) includes said main body section (2d) and 
said distal section (2c) made of a synthetic resin. 

8. A catheter according to claim 7 wherein said outer 
tube (2) includes the superelastic metal tube (2b) 
and the synthetic resin tube (2a) covering the sur- 
face of said metal tube (2b), said synthetic resin 
tube (2a) protruding beyond the distal end of said 
metal tube (2b) to fonm the distal section of said out- 
er tube (2). 

9. A catheter according to claim 7 wherein said inner 
tube (5) includes the superelastic metal tube (5b) 
and a synthetic resin tube (5a) covering the surface 



17. A catheter according to claim 1 6 wherein said spiral 
slit (82e) is gradually reduced In pitch toward the 
distal end of said metal tube. 

55 

18. A catheter according to claim 1 6 wher insaidsplral 
slit (82e) is gradually increased in width toward the 
distal end of said metal tube. 
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Pat ntansprUch 

1. Katheter(1) mit 
einem Hauptkorperabschnitt (2d), der eine supere- 
lastische Oder pseudoelastische Metallrdhre (2b) s 
und eine Kunstharzrohre (2a), die die Metallrdhre 
(2b) bedeckt, umfaBt, und 

einem distalen Abschnitt (2c), der aus Kunstharz 
besteht, 

wobei die superelastlsche I\^etallr6hre (2b) eine io 
verformbare distale Zone umfaBt, 
dadurch gekennzeichnet, daB die distale Zone 
mit einem Sciititz (2e) odermehreren Perforationen 
(2e) versehen ist. 

15 

2. Katheter nach Anspruch 1 , wobei die verformbare 
distale Zone der superelastisclien IVietalirohre (2b) 
am distalen Ende flexibler als am proximaien Ende 
der Zone ist. 

20 

3. Katheter nach Anspruch 1 , wobei die Flexibilitat der 
verfonnbaren distalen Zone der superelastischen 
Metallrdhre (2b) vom proximaien Ende zum distalen 
Ende der Zone allmahlich zunimmt. 

25 

4. Katheter nach Anspruch 1 , wobei der Schlitz (2e) 

ein spiralformiger Schlitz ist. 

5. Katheter nach Anspruch 4, wobei der Zwischen- 
raum des splralfSrmigen Schlitzes (2e) zum dista- 30 
len Ende der Metallrdhre (2b) hin allmahlich redu- 
zlert wird. 

6. Katheter nach Anspruch 4, wobei die Breite des spi- 
ralformigen Schlitzes (2e) zum distalen Ende der 35 
Metallrdhre (2b) hin allmahlich zunimmt. 

7. Katheter nach Anspruch 1 , wobei der Katheter ein 
Instrument (1 ) zur vaskularen Dilatation ist, das auf- 
weist ^0 
eine innere Rohre (5), die einen ersten Hohlraum 

(4) definiert, der sich zwischen einem offenen dista- 
len Ende und einem proximaien Abschnitt erstreckt, 
eine auRere Rohre (2), die koaxial urn die innere 
Rohre (5) angeordnet ist, ein distales Ende, das um 45 
einen vorbestimmten Abstand vom distalen Ende 
der inneren Rdhre (5) zurCickgezogen ist, und einen 
proximaien Abschnitt aufweist, und mit der AuBen- 
flache der inneren Rdhre(5) einen zwelten Hohl- 
raum (6) definiert, so 
ein aufblasbares Glied (3), das ein Ende (7), das an 
der inneren Rdhre (5) angebracht ist, und ein ande- 
res Ende (8) aufweist, das an der auBeren Rdhre 
(2) angebracht ist, und einen Innenraum (15) defi- 
niert, dermitdemzweiten Hohlraum (6) in derNahe 55 
des anderen Endes (8) in Fiuidverbindung steht, 
eine erste Offnung (9), die im proximaien Abschnitt 
der inneren Rdhre (5) angeordnet ist und in Verbin- 
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dung mit dem ersten Hohlraum (4) steht, und 
eine zweite Offnung (11), die Im proximaien Ab- 
schnitt der auBeren Rdhre (2) angeordnet ist und in 
Fiuidverbindung mit dem zweiten Hohlraum (6) 
steht, wobei 

mindestens eine der inneren Rdhre (5) und der au- 
Beren Rdhre (2) den Hauptkorperabschnitt (2d) und 
den distalen Abschnitt (2c) umfaBt, der aus Kunst- 
harz besteht. 

8. Katheter nach Anspruch 7, wobei die auBere Rdhre 
(2) die superelastlsche Metallrdhre (2b) und die 
Kunstharzrohre (2a) umfaBt, die die Oberflache der 
Metallrdhre (2b) umfaBt, wobei die Kunstharzrdhre 
(2a) Qber das distale Ende der Metallrdhre (2b) hln- 
aus vorsteht, um den distalen Abschnitt der auBe- 
ren Rdhre (2) zu bilden. 

9. Katheter nach Anspruch 7, wobei die innere Rdhre 
(5) die superelastlsche Metallrdhre (2b) und eine 
Kunstharzrdhre (5a) umfaBt, die die Oberflache der 
superelastischen Metallrdhre (5b) bedeckt, wobei 
die Kunstharzrdhre (5a) uber das distale Ende der 
superelastischen Metallrdhre (5b) hinaus vorsteht. 
um den distalen Abschnitt der inneren Rdhre (5) zu 
bilden. 

10. Katheter nach Anspruch 1 , wobei der Katheter ein 
Instrument (81) zur vaskularen Dilatation ist, das 
aufweist: 

ein rdhrenfdrmiges Glied (82), das einen Hohl- 
raum (90) dort hindurch und eine Offnung auf- 
weist, die mit dem Hohlraum Fiuidverbindung 
steht, 

ein Fuhrungskopfende (87) 
und ein aufblasbares Glied (83), das ein Ende 
(83b), das am rdhrenfdrmigen Glied (82) ange- 
bracht ist, und an anderes Ende (83a) aufweist, 
das am Fiihrungskopfende (87) angebracht ist, 
und einen Innenraum (92) definiert, dermit dem 
Hohlraum (90) durch die Offnung in Fiuidver- 
bindung steht, 

wobei das rdhrenfdrmige Glied (82) den Hauptkdr- 
perabschnitt (82d) umfaBt. 

1 1 . Katheter nach Anspruch 1 0, der ferner einen elasti- 
schen Stiel (84) aufweist, der sich durch den Hohl- 
raum (90) erstreckt und ein distales Ende aufweist, 
das mit dem FOhrungskopfende (87) verbunden Ist. 

12. Katheter nach Anspruch 10, wobei das rdhrenfdr- 
mige Glied (82) die superelastlsche Metallrdhre 
(82b) und die Kunstharzrdhre (82a) umfaBt, die die 
Oberflache der Metallrdhre (82b) bedeckt, wobei 
die Kunstharzrdhre (82a) uber das distale Ende der 
Metallrdhre (82b) hinaus vorsteht, um den distalen 
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Abschnitt (82c) des rohrenformigen Gliedes (82) zu 
bilden. 

1 3. Katheter nach einem der Anspruche 7 bis 1 2, wobei 
der Schlitz (82e) sich vom distalen Ende zu dessen 
proximalen Ende erstreckt. 

14. Katheter nach einem der Anspruche 7 bis 1 3, wobei 
die verformbare distale Zone der superelasttschen 
Metallrdhre (82b) anfi distalen Ende flexibler als am 
proximalen Ende der Zone ist. 

15. Katheter nach einem der Anspruche 7 bis 1 4, wobei 
die Fiexibilitat der verformbaren distalen Zone der 
superefastischen Metailrohre (82b) vom proxima- 
len Ende zum distalen Ende der Zone allmahlichzu- 

nimmt. 

16. Katheter nach einem der Anspruche 7 bis 1 5, wobei 
der Schlitz (82e) ein spiralfomniger Schlitz ist. 

17. Katheter nach Anspnjch 16, wobei der Zwlschen- 
raum des spiralformigen Schlitzes (82e) zum dista- 
len Ende der Metailrohre hin allmahlich reduziert 
wird. 

18. Katheter nach Anspruch 16, wobei die Brelte des 
spiralfomnlgen Schlitzes (82e) zum distalen Ende 
der l\4etallrdhre hin allmahlich zunimmt. 



Revendicatlons 

1 . Catheter (1 ) comprenant : 

une section de corps principal (2d) comprenant 
un tube de metal super^lastique ou pseudo- 
dlastlque (2b) et un tube de rSsine synthStique 
(2a) recouvrant ledit tube de m6tal (2b), et 
une section distale (2c) r6a\\s6e en une r^sine 
synthetique, le tube de metal superelastique 
(2b) comprenant une zone distale d^formable, 
caracterise en ce que ladlte zone distale com- 
porte une fente (2e) ou une plurality de perfo- 
rations (2e). 

2. Catheter selon la revendication 1 , dans lequel la zo- 
ne distale d^formable dudit tube de m6tal supere- 
lastique (2b) est plus souple ^ Textr^mit^ distale de 
I'extremite proximale de la zone. 

3. Catheter selon la revendication 1 , dans lequel la zo- 
ne distale d^formable dudit tube de m^tai supere- 
lastique (2b) a une souplesse qui augmente gra- 
dueliement de I'extremite proximale k I'extremite 
distale de la zone. 

4. Catheterselon la revendication 1 . dans lequel ladite 



fente (2e) est une fente spirale. 

5. Catheter selon la revendication 4, dans lequel ladite 
fente spirale (2e) a un pas qui diminue graduelle- 

5 ment vers i'extremite distale dudit tube de metal 
(2b). 

6. Catheter selon la revendication 4, dans lequel ladite 
fente spirale (2e) a une largeur qui augmente gra- 

10 dueliement vers I'extremite distale dudit tube de 
metal (2b). 

7. Catheter selon la revendication 1 , dans lequel ledit 
catheter est un instrument de dilatation vasculaire 
(1) comprenant: 

untube interieur (5) definissant un premiercon- 
duit (4) s'etendant entre une extremite distale 
ouverte et une partie proximale, 
un tube exterieur (2) dispose coaxialement 
autour dudit tube interieur (5), comportant une 
extremite distale retractee d'une distance pre- 
determlnee depuis I'extremite distale dudit tube 
interieur (5) et une partie proximale, et definis- 
sant un deuxieme conduit (6) avec la surface 
exterieure dudit tube interieur (5), 
un element gonflable (3) comportant une extre- 
mite (7) fixee audit tube interieur (5) et une 
autre extremite (8) fixee audit tube exterieur 
(2), et definissant un espace interieur (15) en 
communication des fluides avec ledit deuxieme 
conduit (6) au vols in age de 1' autre extremite (8), 
une premiere ouverture (9) disposee dans la 
partie proximale dudit tube interieur (5) en com- 
munication avec tedit premier conduit (4), et 
une deuxieme ouverture (11) dispos6e dans la 
partie proximale dudit tube exterieur (2) en 
communication des fluides avec ledit deuxieme 
conduit (6), dans lequel : 

au moins I'un pamni ledit tube interieur (5) 
et ledit tube exterieur (2) comprend ladite 
section de corps principal (2d) et ladite sec- 
tion distale (2c) realisee en une reslne syn- 
thetique. 

Catheter selon la revendication 7, dans lequel ledit 
tube exterieur (2) comprend le tube de metal supe- 
relastique (2b) et le tube de reslne synthetique (2a) 
recouvrant ta surface dudit tube de metal (2b), ledit 
tube de resine synthetique (2a) faisant saillie au- 
deld de Textremite distale dudit tube de metal (2b) 
de fagon k fonmer la section distale dudit tube ex- 
terieur (2). 

9. Catheter selon la revendication 7, dans lequel ledit 
tube interieur (5) comprend le tube de metal supe- 
relastique (5b) et un tube de reslne synthetique (5a) 
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recouvrant la surface dudit tube de m^tai superd- 
lastique (5b), ledit tube de r^sine synthdtique (5a) 
faisant saillie au-del^ de rextr6mit4 distale dudit tu- 
be de m^tal super^lastique (5b) de fagon k former 
la section distale dudit tube int^rieur (5). 

10. Catheter selon la revendicatlon 1 , dans lequel ledit 
catheter est un instrument de dilatation vasculaire 
(81)comprenant: 

un 616ment tubulaire (82) comportant un con- 
duit (90) k travers celui-ci, et une ouverture en 
communication des fluides avec ledit conduit, 
uneteteavant (87), et 

un element gonflable (83) comportant une ex- 
tr6mit6 (83b) fixee audit element tubulaire (82) 
et une autre extr§mit6 (83a) fix6e k ladite tdte 
avant (87) et d^finissant un espace interieur 
(92) en communication des fluides avec ledit 
conduit (90) par Tintemfi^diaire de ladite ouver- 
ture, 

ledit ^l^ment tubulaire (82) comprenant ladite 
section de corps principal (82d). 

11. Catheter selon la revendicatlon 10, comprenant de 
plus un arbre 6lastique (84) s'6tendant a travers le- 
dit conduit (90) et comportant une extr6mit6 distale 
raccord6e k ladite tete avant (87). 

12. Catheter seion la revendicatlon 11 , dans lequel ledit 
element tubulaire (82) comprend le tube de metal 
superelastique (82b) et le tube de resine syntheti- 
que (82a) recouvrant la surface dudit tube de metal 
(82b), ledit tube de r^slne synthetlque (82a) faisant 
salllle au-deld de I'extr^mlt^ distale dudit tube de 
m6tal (82) de fagon k former la partle distale (82c) 
dudit element tubulaire (82). 

13. Catheter selon i'une queiconque des revendica- 
tlons 7^12, dans lequel la fente (82e) s'6tend k 
partir de I'extr^mit^ distate vers I'extr^mit^ proxima- 
te de celui-ci. 

14. Catheter selon I'une queiconque des revendica- 
tions 7^13, dans lequel la zone distale defomnable 
dudit tube de metal superelastique (82b) est plus 
souple a Textremit^ distale qu'^ I'extr^mite proxima- 
le de la zone. 

15. Catheter selon I'une queiconque des revendica- 
tions 7 a 14, dans lequel la zone distale defonnable 
dudit tube de m6tat superelastique (82b) a une sou- 
plesse qui augmente graduellement de TextrdmitS 
proximaie k i'extr6mit6 distale de la zone. 

16. Catheter selon I'une queiconque des revendica- 
tlons 7^15, dans lequel ladite fente (82e) est une 
fente spirale. 



17. Catheter selon la revendication 16, dans lequel la- 
dite fente spirale (82e) a un pas qui diminue gra- 
duellement vers I'extremlte distale dudit tube de 

m6tal. 

5 

18. Catheter selon la revendication 16, dans lequel la- 
dite fente spirale (82e) a une largeur qui augmente 
graduellement vers I'extremite distale dudit tube de 
metal. 

10 
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FIG. 3 
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FIG, 19 
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FIG. 26 
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FIG. 32 
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FIG. 33 
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